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BRAIN. 


PART I, VOL. 36. 





BY JAMES McINTOSH anb PAUL FILDES, 
HENRY HEAD anp E. G. FHARNSIDES 


From the Wards and from the Bacteriological Laboratory of the London Hospital 
(Professor William Bulloch, P.R.8.). 
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THE following preliminary communication is based upon several 
lines of work, carried out simultaneously in the wards, and in the 
bacteriological laboratory of the London Hospital. Each separate re- 
search will form later the subject of a paper in this Journal, but we 
thought it wiser to give a preliminary account of our general conclusions 
before presenting the various more special and detailed communications. 

The results embodied in this paper are based entirely on cases where 
the serological examinations have been carried out by Dr. Fildes and 
Dr. McIntosh and the clinical records compiled by Dr. Head and Dr. 
Féarnsides. 

! This paper was laid before the Neuropathological Section of the International 
Medical Congress on August 12, 1913. 
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2 ORIGINAL ARTIOLES AND CLINICAL CASES 


We have the greatest pleasure in thanking first of all Pyofessor 
‘Bulloch, in whose laboratory the work was carried out. Our thanks 
are also due to the staff of the London Hospital, more particularly to 
Dr. J. H. Sequeira and Dr. Cecil Wall, for the unrivalled opportunities 
they so generously gave us for examining patients under their care. 
If, however, the name of no physician is mentioned in the report of 
a case, ib may be assumed that the patient was under the care of 
Dr. Head. 


CHAPTER L—-CLINICAL CHARACTERISTIOS OF PARASYPHILIS. 


The conception of parasyphilis as a morbid process, responsible for a 
wide series of clinical manifestations, was first formulated by Fournier 
[8] in 1894 to account for cases, obviously of syphilitic origin, which 
were not amenable to antisyphilitic treatment. “Ce néologisme,” he 
says, “que je dois à un savant helléniste specifie bien, parait-1l, 
étomologiquement le caractére des accidents en question, dont le propre 
est de procéder originairement de la syphilis sans être pour cela cepen- 
dant syphilitique de nature.” He believed that this peculiar post- 
syphilitic condition was able to evoke a series of diseases, all of which 
might exist otherwise apart from antecedent syphihs. His conception 
was thus essentially a clinical one, transferred by implication into the 
field of pathology. 

Fournier did not restrict the term parasyphilis to such diseases as 
dementia paralytica and tabes dorsalis alone, but believed that some 
cases of progressive muscular atrophy, epilepsy, infantilem, Little’s 
disease, imbecility, and even certain forms of neurasthenia were all 
manifestations of the activity of the “ parasyphiltic" process. Gradu- 
ally, however, though the truth of Fournier's conception of the post- 
syphilitic nature of some of these conditions has been generally acknow- 
ledged, the range of activity of parasyphilis of the nervous system has 
tended to become restricted to tabes dorsalis and dementia paralytica ; 
but at the same time an increasingly large number of complications have 
been described as occurring in the course of these two diseases. 

Thus Dejerine [4] has described the pathological changes associ- 
ated with muscular atrophy, arising in the course of tabes dorsalis, and 
Nonne [25] looks upon all cases of primary optic atrophy, which follow 
syphilis, as an incipient stage of the same disease. Mott [18] thirks 
it probable that Erb’s spinal paralysis and certain cases of amydtrophic 
lateral sclerosis may be primary post-syphilitic dystrophies; optic 
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atrophy „he looks on as one with tabes dorsalis and dementia 
paralytica. 

Fournier's original view was revived by A. Read Wilson [84] but 
both the clinical and serological reports in his paper lacked sufficient 
fulness to support his conclusions. 


(1) Clinical Forms assumed by the Disease. 


Year by year the line, once so firmly drawn between tabes dorsalis 
and dementia paralytica, grew fainter as soon as the identity of the 
pathological process underlying the two diseases was recognized. With 
the invention of the term ''tabo-paresis" the boundaries between the 
two diseases fell; it was recognized that manifestations characteristic 
of each might occur together in the same patient, and their validity as 
anything more than convenient terms for groups of signs and symptoms 
disappeared for ever. 

Let us then consider the various phenomena which may make their 
appearance in the course of dementia paralytica and tabes dorsalis, that 
is to say, the clinical conditions universally recognized to be due to 
parasyphilis of the nervous system :— 

Dementia and other mental states characterized by destruction of 
mental capacity; all forms of epileptiform convulsions and attacks; 
defective reactions of the pupil; ptosis and ocular paralyses of all kinds ; 
paralyses in the territory of other cranial nerves, such as the trigeminal 
and facial; paresis or paralysis of the lps, tongue, palate, and larynx; 
primary optic atrophy; ataxy and ınco-ordination ; tremor of various 
kinds; muscular atrophy, which appears as a rare manifestation in 
otherwise classical cases of tabes dorsalis; paresis of both cerebral and 
spinal origin; lateral sclerosis; various disturbances of sensation ; 
visceral attacks, such as gastric crises; the most diverse conditions of 
the reflexes ranging in the case of the knee-jerks from exaggeration to 
complete abolition ; sphincter affections and disturbances of the detrusor 
action of the bladder. 

Now, it is only by arbitrary selection that these diverse signs and 
symptoms can be said to constitute two diseases. We shall attempt to 
show that they are all manifestations of a syphilitic state which can 
produce innumerable combinations of signs and symptoms, according 
to the parts which happen to be attacked. We shall also show that a 
patient, who at’ first developed one group of signs, may later exhibit 
other signs which, on the old nomenclature, would have carried him 
‘into another category. 
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Like all other syphilitic affections of the nervous system, ''pare- 
syphilis ” is & widespread abnormal condition, and the clinical forms 
assumed by the disease depend dis on the parts attacked at the 
moment. 


(a) Progresswe Muscular Atrophy. 


Dejerine [4] laid stress in 1889 on the frequent occurrence of 
muscular atrophy in tabes dorsalis, and attributed it to peripheral 
neuritis; he placed the incidence as high as 20 per cent. Although few 
would set the proportion as high, atrophy of spinal origin is a familiar 
complication of undoubted tabes dorsalis, and French authorities 
have long recognized it 88 a manifestation of parasyphilis . (Kinnier 
Wilson [85]). 

Fournier [9] insists that ‚uncomplicated muscular attaphy may 
be parasyphilitic, basing his opinion on cases observed by Raymond 
[82], in one of which an autopsy was obtained. This revealed lesions 
of the spinal meninges, degeneration of the anterior roots, loss of cells 
in the anterior horns with profound endarteritis obliterans of the 
vessels. Raymond describes the condition as a vascular myelitis, 
showing nothing specific and resembling in no way the lesions of 
tertiary syphilis. 

' Fournier insists that these patients do not benefit even from the most 
drastic anti-syphilitic treatment, and points out that clinically the 
wasting is preceded by lancinating pains. 

Mott [18] mentions that some forms of amyotrophic lateral et 
may be parasyphilitic, but cites no instances., Most German and 
- English writers ascribe these cases to the direct action of syphilis, and do 
not consider the possibility that they may be parasyphilitie. Thus, 
‚Nonne [22]° speaks of a meningomyelitis with participation of the 
anterior horns in the diffuse affection. He quotes'amongst others both 
Raymond’s and Dejerine’s cases, but does not discuss their relation to 
parasyphilis.' 

On the other hand, A. Read Wilson [84] gathered together a series 
of cases of muscular atrophy, partly from the literature and partly from 
his own observation, in which the Wassermann reaction was positive in 
. the serum, and classes them all as parasyphilis, oblivious of the extreme 
difficulty in differential diagnosis. 

Now, there can be little doubt that in the majority of cases where 
syphilis is responsible for muscular atrophy, the condition is caused by 
a true syphilitic meningomyelitis. For not only are these patients 
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peculiarly susceptible to treatment with salvarsan or neo-salvarsan, 
bat other signs are usually present pointing to a diffuse lesion of the 
spinal cord and its membranes. The following case is a good instance 
of muscular atrophy due to cervical meningomyelitis of syphilitic origin. 


Case 86.—Hose C., aged 36. [Dr. E. J. Smith] She was married in 
1900, but left her husband three years later because he would not work. No 
definite history of infection could be obtained. She had never been pregnant. 

In 1909 she suffered for four weeks from intense headache, which ultimately 
passed away entirely. 

In December, 1910, she had a " stroke," her speech became affected, and 
she was un&ble to walk steadily. Since then her memory has deteriorated 
and she has been unable to work. 

In January, 1912, her right hand began to waste, and she lost power so 
rapidly: that, by June of the same year, she was unable to hold a knife. This 
wasting was thought at another hospital to be due to cervical ribs, and in 
July a rib was removed, but she steadily grew worse. In September the left 
hand became affected. Ever since the middle of 1912 she has been occa- 
sionally unable to control her motions and hold her water. 

In November, 1912, she first came under our observation. Her speech 
was slurred and her memory defective. The pupils reacted to light, but the 
contraction was not maintained and tended to be rhythmic; on accommodation 
the reaction was normal. Her face was expressionless, and on the left side 
there was slight weakness of its lower half. The tongue moved well and was 
not tremulous. The fundi showed no abnormal appearances. 

All the muscles of both hands, of both forearms, and to a less degree, 
of the arms, were considerably wasted, especially on the left side. The 
muscles of the shoulder-girdle were much less affected. Both lower ex- 
tremities were slightly spastic. 

No hyperalgesia or loss of sensation could be discovered, even in the arms. 
The knee-jerks were exaggerated ; ankle-clonus was obtained on both sides and 
both plantar reflexes gave an extensor response. 

She had considerable difficulty in holding her water and could not control 
her motions if they were soft. 

The Wassermann reaction was :— 

Serum «+ ue 4444.2. 
Cerebrospinal fluid 4.4.1.0.0. 


! Throughout this investigation we record the results of the Wassermann reaction in this 
form. The test ıs quantitative and falling doses of serum and cerebrospinal fluid are used, 
Formerly we followed the usual method of recording the reaction aud represented complete 
inhibition by + + + + and incomplete inhibition by + + +, + + or +. To economize 
space these would now be written 4, 8, 2, or 1. The figures 4.4.4.4.4 imply that the reaction 
waft complete in each of the five dilutions, whilst 4.4.4.0.0 shows that the reaction was 
complete 1» the first three, but negative in the last two dilutions. Suoh resulte as 2.0.0.0.0 
or 1.0.0.0.0 have no diagnostic value. The figures above the line always refer to the serum, 
those below the line to the cerebrospinal fluid. 
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But in the following case the picture was one of a typical muscular 
atrophy, complicated only by the defective reaction of the pupils. e 


Case 75.—William H., a married man, aged 36, began to lose power in the 
middle finger of his right hand two years ago (1911). About three months 
later wasting started in the left arm, and within the space of a year had 
progressed to such an extent that he was unable to use either arm. 

On admission in March, 1918, all movements were impossible in the right 
upper extremity below the shoulder-joint, and all the muscles, especially those 
of the hand, showed intense wasting. He could slightly flex the ring finger 
of his left hand, and evoke a feeble contraction of the flexors of the elbow, but 
otherwise all muscular power was lost in the left arm. All movements of the 
right shoulder-girdle were lost; he could slightly contract the muscles of the 
left shoulder, but not with sufficient strength to produce any material change 
in the position of the limb. All the muscles of the neck were weaker than 
normal, and somewhat wasted. 

The knee-jerks were brisk, ankle-jerks were easily obtained, and the plantar 
reflexes gave a flexor response. 

He had suffered no pain, and no disturbance of sensibility could be dis- 
covered. 

The pupils reacted extremely feebly to light, but reacted well to accommo- 
dation. The tongue showed no fibrillary tremor, and the movements of the 
palate and larynx were unaffected. 

At no time had he experienced any trouble in holding or passing his water 

He was in the Army in 1896, and again between 1900 and 1908; but 
although exposed to infection, he can remember no venereal disease of any 
kind. But in spite of this complete absence of knowledge of infection, the 
Wassermann reaction was as follows :— 

Serum  ... S. 4.4.4.4 4, 
Cerebrospinal fuid ^ 4.4.4.0.0. 
The cells were 44 per cubie millimetre. 


Here, then, is a patient who differs from the usual cases of 
muscular atrophy due to syphilitic meningomyelitis in the absence 
of pains, of spastic signs, and in the integrity of the mechanism of 
micturition. At no time had there been any intercurrent mani- 
festation which could be attributed to syphilitic vascular lesions in 
other parts of his nervous system. 

On the other hand, this patient differed from a true case of pro- 
gressive muscular atrophy in the defective reaction of the pupils, and 
in the presence of a positive Wassermann reaction in the cerebrospinal 
fluid; we are, therefore, inclined to believe that he ıs an example’ of 
parasyphilis amyotrophica. For had he been simply an instance of 
progressive muscular atrophy in a patient suffering from syphilis, the 
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reaction would have been negative and not positive in the cerebrospinal 
fluid. 
(b) Epileptic Manifestations. 


Fournier [10] called attention to a form of epilepsy, liable to appear 
many years after infection with syphilis, which was entirely refractory 
to antisyphilitic treatment. This, he believed, to be a manifestation of 
. parasyphilis. He points out that syphilitic encephalopathy, accom- 
panied by epileptiform convulsions, 1s characterized by the co-existence 
of other phenomena, pointing to a gross lesion of the brain, and rapidly 
produces other signs and symptoms indicative of cerebral syphilis. He 
insists that if runs its course with greater or less rapidity towards 
recovery or death, and that cerebral syphilis is peculiarly amenable 
to antisyphilitic treatment, even though complete recovery may not 
occur. But epilepsy of parasyphilitic origin tends to appear as an 
isolated symptom, and continues in this form without the addition or 
conjunction of other cerebral manifestations; it may last over a long 
period, and is refractory to antisyphilitic treatment; bromide does not 
produce a cure, but may moderate the frequency and severity of the 
attacks. 

Nonne [23] entirely agrees with this description and accepts para- 
syphilitic epilepsy as & condition comparable to tabes dorsalis and 
dementia paralytica. He carefully differentiates it, on the one hand, 
from cerebral syphilis, and, on the other, from the seizures which may 
herald the early stages of dementia paralytica. It arises suddenly in 
later middle hfe, and continues for many years, resisting all anti- 
syphilitic treatment. 

The following case, where parasyphilitic epilepsy arose on a basis 
of congenital infection, illustrates the long duration of the disease, and 
ıs particularly interesting from the presence of Argyll-Robertson 
pupils. | 

Case 66.—Florence G., an unmarried woman, aged 24, has been under the 
care of H. H. for epileptiform attacks since September, 1904. In 1900, at the 
age of 11, she developed fits which have continued ever since, in spite of 
treatment. The attacks come on without warning, she passes water, falls, 
and has not infrequently hurt herself. Throughout she is completely un- 
conscious and sleeps after the attack. Usually two or more fits occur in rapid 
succession. 

* Her memory and attention are poor, but she shows no gross signs of 
dementia. Her speech is unaffected, and, excepting after an attack, she is not 
liable to headaches or vomiting. She is somewhat deaf; the cornem show 
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faint nebule, but the fundis are unaffected. The pupils are usually equal and of, 
fair size, but they do not react to light; they react well to accommodation. 
Otherwise no affection can be discovered in the territory of the cranial nerves. 
The knee-jerks and other reflexes, including the plantars; are normal, except 
after a series of convulsions. Motion, sensation, and the action of the 
sphincters are entirely unaffected. 

She is short and broad, 4 ft. 10 in. (146 cm.) in height, with a narrow fore- 
head and pegged teeth. Scars are visible at the angles of the mouth, and she 
has the appearance of & case of congenital syphilis. 

In June, 1918, the Wassermann reaction was as follows :— 

Serum  ... ..  44.9.0.0. 
Cerebrospinal fluid — 4.4.4.4.0. 
` The cells were 40 per cubic millimetre. 

Such reactions are incompatible with the diagnosis of uncomplicated 
congenital syphilis and point definitely to infection of the central 
nervous system. At the same time there are no signs of any affection 
of the meninges or spinal cord, and we believe this patient is an instance 
of parasyphilitic epilepsy. 


(c) Later ‘al and Combined Sclerosis. (Erb’s Syphilitic Spinal’ 
Paralysis.) 


An incomplete transverse myelitis is universally recognized to be 
the commonest form of syphilitic disease of the spinal cord. This 
myelitis is a diffuse inflammatory and vascular disturbance, bearing all 
the marks of a direct hyperplastic reaction to the infection. 

But in 1892 Erb [6] suggested that syphilis might produce degenera- 
‘tion of the long paths, such as the pyramidal tracts, not as a consequence 
of interruption by inflammatory-foci, but as & direct effect exercised by 
the poison upon them. For many years doubt has been thrown on the 
existence of such tract degenerations, in consequence of the extreme 
difficulty in differentiating clinically between the results of a diffuse 
meningomyelitis and those produced by primary degeneration: of -the 
' posterior and lateral columns of the cord. In both cases the signs may 
consist solely of increased knee-jerks, ankle-clonus with extensor, plantar 
~ reflexes, more or less spasticity, and ataxy, with loss of recognition of 
posture and passive movement in the lower extremities. 

However, there can now be little doubt that primary degeneration of 
the lateral, with or without degeneration of the posterior columns, may 
occur a8 & consequence of syphilitic infection. Nonne [24] sums up zn 
admirable discussion of the .question in the following concfusions: 
(1) It is certain that cases exist which show exactly the signs and 
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‘symptoms described by Erb; (2) this disease may be caused by several 
enatomically distinct conditions. It may be due to a true combined 
degeneration or to a degeneration of the long tracts caused by a chronic 
myelitis or meningomyelitis with more or less vascular disease. 

Meanwhile, the idea was growing up that possibly Erb's spinal 
paralysis might be of parasyphihtie origin. But, ın view of the extreme 
difficulty in making a differential diagnosis during hfe, this view 
remained a tentative suggestion. 

We believe that these cases of lateral or combined sclerosis, however 
closely they may resemble one another clinically, may be based patho- 
logically either on syphilitic inflammation or so-called “ parasyphilitic ” 
degeneration. More commonly, they are the expression of tertiary 
meningeal and vascular changes; under these circumstances they will 
probably respond to antisyphilitic treatment, and at the same time the 
Wassermann reaction in the cerebrospinal fluid will rapidly diminish 
and may even become negative. A large number of these patients 
with late meningomyelitis at one time or another show signs of some 
root-lesion; these signs, although of extreme differential importance in 
diagnosis, not uncommonly pass unobserved, as they do not obtrude 
themselves on the patient’s consciousness. We believe that the 
following case is an example of this condition :— 


Case 91.—Dennis K., labourer, aged 86. In 1904 he contracted syphilis 
and suffered from a chancre, rash, and sore throat, for which he was treated 
with mereury by the mouth for twelve months. 

In 1907 he developed gummatous ulcers on his shins, which en rapidly 
under the administration of iodides. 

On January 4, 1912, he was taken ill with dizziness, pains in his belly, and 
repeated vomiting. This attack was followed by headache which lasted till 
his admission in July, 1912. 

About four weeks before admission, a pimple appeared on his palate which 
enlarged, broke down, and led to & perforation into the nose. 

On admission (July, 1912), his mental state was unaffected, but he suffered 
from severe headache. The knee-jerks were brisk and both plantars gave an 
extensor response. He walked well and was not ataxic, but both great toes 
tended to remain in the extended position. There was no loss of muscular 
power. 

Distinct hyperalgesia was present in the region of the eighth and ninth 
thoracic roots on both sides, but no sensory change could be discovered 
elsewhers to any test. The pupils reacted well, and the movements of the 
face, tongue and palate were normal. He had a little difficulty in beginning 
micturition, but no other sphincter trouble. 
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The Wassermann reaction was :— . 


Serum  ... .. —4.4.8.0.0. 
Cerebrospinal fluid ^ 4.4.4.1.0. 


He was given 0'6 grm. of salvarsan intravenously on July 10, 1912, 
and & similar dose on the 1Teh. By January 15, 1918, the reaction had 
become :— 

Serum T e — 0:9:1 0.0; 
Cerebrospinal fluid — 1.0.0.0.0. 


At the same time the headache and hyperalgesia around the trunk 'dis- 
appeared and his general condition improved strikingly. 

This is a characteristic instance of degeneration of the lateral 
columns of the cord, depending on a chronic meningomyehtis. 

Compare with this case the following one, which we believe to be an 
instance of parasyphilis. 

Case Ti.— Wilha&m H., labourer, aged 54. He denies all infection with 
syphilis, but in 1875, at the age of 17, and again in 1878, aged 20, suffered 
from gonorrhea. Neither attack was accompanied by a sore, rash, or other 
secondary manifestation of syphilis. 

In 1907, his eyesight began to fail, and in 1910, his legs became stiff and 
his gait unsteady. 

When admitted to the hospital in February, 1919, his mental state was 
normal, his speech unaffected, and he had not suffered from fits or any other 
attacks. 

His gait was spastic, but there was no paralysis or loss of muscular 
strength. He tended to sway slightly with his eyes closed, but did not fall. _ 

The knee-jerks were exaggerated, ankle-clonus was obtained, and the 
plantar reflex gave an extensor response on both sides. 

There was no gross loss of recognition of posture and passive movement, 
and he responded well to the tuning fork tests. Sensation to touch, pain, heat 
and cold was entirely unaffected. 

Both pupils reacted readily to light and accommodation in spite of his 
defective vision. 

Vision in both eyes was very poor, and the letters of the test types could 
not be distinguished at six metres. The dises were pale with a distinct nom 
cribrosa and clear edges. 

No other special senses were affected. 

Face, tongue, and palate moved normally. 

He had difficulty in passing his urine, and on admission, he was Suffering 
from overflow from a distended bladder. 

The Wassermann reaction was :— * 

Serum  ... . 4,3.2.0.0. : 
Cerebrospinal fluid ^ 4.4.4.8.0. 
Cells were 19 per cubic millimetre. 
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et The contrast between these two cases is striking. In D. K. 
*(Case 91) the infection was definite and was followed by undoubted 
secondary manifestations; twelve years later he developed a gumma of 
the palate with headache, signs of lateral sclerosis and of an irritative 
lesion of thoracic nerve-roots. He improved greatly under salvarsan, 
and the Wassermann reaction in the cerebrospinal fluid fell rapidly. 
In fact he was a typical instance of tertiary meningomyelitis. 

In W. H. (Case 71), on the other hand, the infection was doubtful, 
and, a8 in so many cases of tabes dorsalis, was followed by no secondary 
manifestations. The whole infection ran ıts course under cover of a 
gonorrhos. Nearly thirty years later, he first began to lose his sight 
from primary optic atrophy, and a little later developed the signs of 
lateral sclerosis. The Wassermann reaction was positive in serum 
and cerebrospinal fluid. ' 


(d) Optic Atrophy. 


In the consideration of primary optic atrophy, we are faced by 
exactly the opposite problem to that in the case of the primary tract 
degenerations. It appears so frequently as an accompaniment to tabes 
dorsalis that its parasyphilitic origin 1s universally acknowledged, even 
when it occurs alone. Thus Nonne [25] goes so, far as to say that 
primary optic atrophy is almost always a manifestation of tabes dorsalis, 
and not infrequently may exist alone for a long period before the 
appearance of other signs of the disease. 

Yet he gives [26] a perfect instance of a woman whom he had 
watched for eighteen years with primary optic atrophy, and no signs of 
tabes dorsalis or dementia paralytica had so far appeared. 

Case 186.—Jane A., a widow, aged 60. In 1875, at the age of 22, she 
married her first husband, who died six years later from asthma and bronchitis ; 
two out of three children, the issue of this marriage, are alive and well In 
1892 she was married again to a husband who ultimately developed dementia 
paralytica and died insane in 1912, In this marriage she had two children, 
the first of whom, born in 1893, died of wasting at three months old, whilst 
the second, born two years later, is living and healthy. 

In 1905 she began to suffer from pains in the chest, but in view of the 
large gastric ulcer from which she ultimately died, these pains are: of 
doubtful significance. 

In #907 she began to lose her eyesight. This loss of vision progressed 
slowly and culminated in 1910 in complete blindness. 

When admitted in May, 1913, she was a-sallow, ansmie woman, extremely 
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intelligent, but totally blind. She suffered mainly from hamatemeis and ° 
- malens, which were due to arlarge chronic ulcer of the stomach. s 

She showed no loss of memory or attention, and had had no seizures or 
fits of any kind. 

. Her speech was unaffected. 

There was no tremor, no ataxy, and she did not become unsteady when 
her eyes were'closed. No loss of sensation could be discovered to touch, pain, 
or temperature, and she was able to appreciate perfectly the vibrations of a 
tuning fork. ‚Recognition of posture and passive movements was unaffected. 

The knee-jerks and ankle-jerks were normal, and pond plantar reflexes gave 
& flexor response. P 

. Sbe was completely blind and the dises were in a condition of primary 
white atrophy. Hearing, smell and taste were unaffected. The pupils were 
equal and- reacted well to accommodation. They did not react to light in. 
consequence of her blindness. All movements of the eyes, face, tongue, palate, 
and larynx were performed normally. The sphincters were unaffected. 

The Wassermann reaction was :— 

Serum ++ |. - 4438.00. 
; Cerebrospinal fluid 4.4.8.0.0. 

The cells were 30 per cubic millimetre, . | 

She died suddenly on May 30, 1913, of hsematemesis, and at the post- 
mortem examination, a large chronic ulcer of the stomach was found, which 
had opened one of the coronal arteries. The brain and spinal cord showed no 
signs of gummatous meningitis, and we believe that she was a case of para- 
syphilis optica." 


We have already described & case of parasyphilitic lateral sclerosis 
with primary optic atrophy (Case 71, p. 10), and it will, perhaps, be 
worth quoting an instance of optic atrophy with loss of knee-jerks, 
observed over a period of ten years. 

Case 181.—Edward R., aged 52. In 1885, at the age of 24, he developed 
a chancre, followed by a rash and a sore throat. He was treated for six weeks 
only, but remained in perfect health. 

. In 1895, at the age of 34, he went blind from primary optic atrophy, and 
has been under the care of H.H. for the last ten years. From the beginning, 
his knee-jerks and ankle-jerks have been absent, but he has shown no signs 
of ataxy, tremor, or defects of speech. We have never been able to discover 
any disturbance of sensation. 

In August, 1911, he had a sudden attack of confusion with Togs of memory, 
which passed away and left him m his previous condition. With this 
exception he has not progressed, and is in the- same state in which he 
was first seen ten years ago. e 


1 A complete account of the post-mortem examination will be published later. 
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The, Wassermann reaction in September, 1911 was :— 
2 l Serum  ..- .  44.9.1.0. 
Cerebrospinal fluid ^ 4.4.4.8.1. 
and the cella were in excess. 


Similar cases occur repeatedly in the literature and there can be no 
difference in principle between them and the rare instances where the 
knee-jerks and other deep reflexes happen to be normal. 

No one can therefore doubt that primary optic atrophy can occur 
as a parasyphilitic phenomenon, alone, or in combination with primary 
degeneration of the lateral or posterior columns of the spinal cord. 


(2) Chnical Antecedents. 


The first essential factor in the development of parasyphilis seems 
to be time. In many cases, where the affection of the nervous system 
is a manifestation of active syphilitic changes, the first symptoms occur 
within ten years of infection. An analysis [18] of 33 cases in males, 
where the date of infection was known, showed an average of two 
years and eight months. 

On the other hand, in 38 cases of tabes dorsalis seen by H. H. in 
private practice, where the date of infection could be determined 
accurately, the first symptom, usually consisting of pains, appeared on 
an average after an interval of fourteen years. The average of 11 
hospital cases in males, observed by ourselves, where the signs of disease 
were characteristic and the Wassermann reaction was strongly positive 
in the cerebrospinal fluid, also gave an average period of fourteen years. 

Secondly, ın a large proportion of cases of parasyphilis, the primary 
and secondary manifestations have been extremely slight. Thus, out of 
40 undoubted cases of tabes dorsalis seen in private practice, all infection 
with syphilis or gonorrhoea was denied in 31; gonorrhea only had 
existed in 9, whilst 13 had suffered from a chancre without any secondary 
manifestations. All of these 13 patients were under careful medical 
treatment, and it is unlikely that a rash, sore throat or fall of hair would - 
have escaped observation. Thus, out of 40 cases of tabes dorsalis 25, or 
62 per cent., showed at most a primary sore In consequence of infection. 

Amongst 15 hospital patients with tabes dorsalis in whom the 
Wassermann reaction was strongly positive, both in the serum and 
cerebrospinal fluid, 3 denied all venereal disease, but acknowledged 


e 
! One of these patients had lived with a woman who developed syphilis. He was cere- 
fully examined at the time by experts who could find no trace of any venereal disease in him. 
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frequent exposure; one had suffered from gonorrhoea only, whilst in 57, 
a chancre had been present followed by no secondary manifestations., 
Here again in 60 per cent. a primary sore had been the maximum con- 
sequence of infection. 

The third peculiarity, which is revealed by the study of cases of 
undoubted parasyphilis, is the apparent want of correspondence between 
the efficiency of the treatment in the early stages of syphilis and the 
appearance of parasyphilitic disease. Many of the men seen in private 
practice had been treated by the highest authorities in this country and 
abroad; mercury may have been given by the mouth for three or even 
more years, they may have been to Aachen year after year, and yet 
tabes dorsalis appeared, exactly as in the hospital patient who had at 
most “taken medicine" for a few weeks. Moreover, the form of the 
. disease and the frequency of its occurrence does not vary materially 
in the different European countries amongst those who have been 
exposed to infection, in spite of the diverse methods of treatment in 


vogue. ` i 


CHAPTER ll.— TEE WASSERMANN REACTION. 
(1) In Syphilis and Parasyphilis of the Centrat Nervous System. 


‘With the discovery by Wassermann and Plaut [33] that the cerebro- 
spinal fluid reacted positively in cases of dementia paralytica, a problem 
was stated, to which the answer is still uncertain. Innumerable ex- 
aminations have been made and columns of statistics compiled by 
laboratory workers who knew little or nothing of the source of the fluid 
they were investigating, beyond the diagnosis of the disease; in many 
cases the cerebrospinal fluid had even been -sent from hospitals or 
asylums at a distance. But, as Plaut [29] himself points out, the 
difficulties in differential diagnosis, particularly between active syphilitic 
disease of the brain and parasyphilis cerebralis, are often extreme; one 
falsely diagnosed case of this kind may ruin a column of statistics, and 
we believe that want of accuracy and fulness in the clinical examinations 
of patients, from whom serum and cerebrospinal fluid has been with- 
drawn, is responsible for much of the confusion which exists at present. 
The time for collecting mass statistics is over, and each case must be 
investigated with as much care as if it were to be ‘published separately. 
This we have attempted to do; we have included no case that has not 
been examined by one of us and where every note has not beet taken 
by ourselves. 
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, The form of the Wassermann reaction we have employed has been 
evolved ‘during the last five years in the course of general diagnostic 
, work in several thousand cases of all forms of disease. It differs from 

‚the so-called “original method," as finally described in 1913 by 
Plaut [30], in the following particulars :— 

(a) The fixation stage is carried out with more concentrated 
constituents. 

(b) The cerebrospinal fluid is used in greater quantity and unheated. 

Thus we use 0°2 c.c. of the fluid in 1 c.c. during the fixation stage 
of the reaction, while the “original method” employed 0°2 c.c. of 
heated cerebrospinal fluid in 3 c.c. In the so-called ‘“ Auswertungs- 
methode " 1 c.c. of cerebrospinal fluid 18 used in 3 c.c. 

(c) A heart cholesterin antigen is used [16]. 

(d) The complement is standardized against a constant quantity of 
amboceptor. 

(e) Every case is tested quantitatively by titration of the serum 
and cerebrospinal fluid. 

During the last fifteen months we have examined by this method 
372 cases where the diagnosis of syphilitic infection was made by Dr. 
J. H. Sequeira, and verified by continuous observation of the patients. 

The results were as follows :— 


Primary syphulis e. ke 93 per cent. positive. 
Secondary ,,  '  .. m 99 ji T 
Tertiary = is TE 97 5 i 
Congenital ,, ius En 100 re T 


Only one apparently non-syphilitic individual gave a positive reaction, 
a case of acute malaria twenty-four hours after the rigor. 

As» control on the method employed, we investigated thirty-two 
cases of gross nervous disease in patients in whom there was no reason 
to suspect the presence of syphilis, and did not find a single instance in 
which either blood or cerebrospinal fluid reacted positively. These 
included eight cases of cerebral tumour; five cases of vascular lesions 
of the brain, such as embolism, thrombosis, and hemorrhage; five cases 
of disseminated sclerosis, two cases of spinal tumour, three cases of 
other chronic spinal cord conditions, three cases of peripheral neuritis, 
and three cases of neurasthenie. 

As a further’ control of our clinical observations we examined twenty 
cases of undoubted syphilis, without obvious signs pointing to affection 
of the central nervous system. In every case the serum was positive 
and the cerebrospinal fluid negative. At the same time we have 
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observed a certain amount of delay in the hesmolysis of the. cerebro- 
spinal fluids of patients with secondary syphilis, and in view of: the 
results of Altmann and Dreyfus [1], and Max Fraenkel [11], we accept 
the occasional occurrence of & positive reaction in the cerebrospinal 
fluid of patients with secondary syphilis. 

The serological results obtained by us in cases of gross disease of the 
" central nervous system of'syphilitio origin can be tabulated shortly as 
follows:— 


! Positive reaotion in 
l ; Number of cases ni _ ` 
i Serum Cerebrospinal fmd 

Dementia oues and dabogeregia ~ " 17 ues ER T 17 

Tabes dorsalis kc T = 94 . .. 20 T 22 

Oerebrospinal syphilis—- j n , 
(a) With involvement of the spinalcord... 23 — .. 22  .. 2 
= (b) Without involvement of the spinal cord 26° .. ‘22 id 7 


Now it is obvious that these results agree in some respects with 
those of previous a whist in other directions they differ 
fundamentally. 

In dementia paralytica our figures correspond with those published 
in the literature, although the number is too small to disclose the rare 
occurrence of negative reactions in the cerebrospinal fluid. Among the. 
twenty-four cases of tabes dorsalis, two gave a negative reaction in the 
cerebrospinal fluid ; both these patients were in a completely stationary 
condition, Thus, in tabes dorsalis the reaction may be diminished or 
lost ın consequence of fluctuations in the activity of the disease, a factor 
- which is not present as far ag we know in dementia paralytica. / 

Such diminished activity may be due either to the long period during 
which the disease has lasted; or perhaps occasionally to the severity of 
the anti-syphilitic treatment. 

In progressive cases the reaction is ‘almost uniformly m both 
. in the serum and cerebrospinal fluid. 

Although the strength of the reaction is usually less in comparison 
with that found in dementia paralytica, nevertheless in the cerebrospinal 
fluid of patients with tabes dorsalis, it is often very strong and httle 
reliance can be placed upon the strength of the reaction for the 
. purposes of differential diagnosis.. 


When we turn to the results obtained by us in cerebrospinal syphilis, 
they differ considerably from those recorded in the literature. 
According to Plaut [81] “Sowohl bei Lues cerebri als bei Tine 
' spinalis ist die negative W. Reaktion des Liquor die Regel. 


4 
- 4 s 


i PARASYPHILIS OF THE NERVOUS SYSTEM 17 


Dieses Verhalten findet sich in gleicher Weise bei allen Formen der 
Erkrankung. . . ." 

Nonne [27] M as typical result in the fuid of cerebrospinal 

syphilis :— 
| “ (a) Originalmethode (0°2 c.c.) m Iv in ca. 10. Proz. 
“ (b) Höhere Liquormengen fast stets positiv." 
"This remark dealing with the quantity of test fluid refers to the 
." Auswertungs-Methode” of Hauptmann and Hössli [12], according 
to which five times the ordinary quantity of cerebrospinal fluid is used. 
Ps method gives & much larger number of positive reactions than the 
“original method," especially in cerebrospinal syphilis, but the majority 
of these positive resulis are obtained with the larger. quantities of fluid 
only; thus it is clear that in Nonne's view the strength of the reaction 
in cerebrospinal syphilis is slight. He says [27] “Ist die Wasser- 
mannsche Reaktion schon nach der Originalmethode (0'2 c.c. des zu 
untersuchenden Liquors) positiv "—that is if the reaction is strong—“ so 
besteht die grosse Wahrscheinlichkeit, dass es sich bei dem vorliegenden 
Fall um eine Paralyse oder Taboparalyse handelt, weit seltener um eine 
Lues cerebrospinalis oder um eine reine Tabes.” 
ve However, as will be seen from our figures, this view appears to be 
untenable. We have formed the opinion that there is a great difference 
between cases of syphilis of the central nervous system according to 
whether the spinal cord itself is affected or not. This difference is 
found both in the incidence of the reaction and in its strength. We 
have found that in “ spinal’ cases the reaction is not only constant in 
the cerebrospinal fluid but also: Btrong, certainly as strong as that found 
in dementia paralytica. In “cerebral” cases, on the other hand, the 
. reaction is much less constant and is quantitatively weak. We therefore 
dispute the suggestion, that either the occurrence of the reaction in 
the finid or its strength has an obvious bearing upon the differential 
diagnosis between dementia paralytica and cerebrospinal syphilis. 

As has already been pointed out by Assmann [2] and by Plaut, 
the purely endarterial forms of cerebral syphilis tend to give negative 
, reactions in the cerebrospinal fluid more frequently than the menin- 
geal. We have also further observed that a positive reaction in the 
purely cerebral forms is more frequent, though feeble, when the test is 
applied shortly after the onset of the symptoms. 

The great outstanding difference between the reaction in “ para- 
syphilis ^ and cerebrospinal syphilis is the prompt effect of anti- 
syphilitic treatment upon the latter condition. The strong reaction 
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in the cerebrospinal fluid of a case of meningomyelitis may be rapidly 
reduced or made negative by salvarsan Injections, while the same treat- 
ment appears to have much less effect, if any, in dementia paralytica, 
and very little in tabes dorsalis. It is therefore absolutely essential in 
every case to determine the amount of treatment to which the patient 
has been subjected before a serological investigation is interpreted. 

As an example of the different behaviour of the Wassermann 
reaction under treatment in syphilis and parasyphilis, we may instance 
the following cases :— 


Chronic Spinal Meningitis (Case 91)— 


Rerum i Omebrospinal fmd 
juls 10, 1912 . ja i 4.4.3.0.0. 4,4,4.1.0. - 
T'wo doses (o' 6 grm.) of aan. 
January 15, 1913 du vo us 3.2.1.0.0. 1.0.0.0.0. 
Tabes Dorsalis (Case 87)— 
Serum Cerebrospinal fluid _ 
October 8, 1912 BE 4.4.9.0.0. 4.4.8.1.0., 
Two doses (0'9 grm.) of neo- o 


May 7, 1913 --- zm 4.4.4.2.0. |... 4.4.2.0.0. 


We may summarize our results as follows :— 

In dementia paralytica and tabo-paresis a strong reaction is almost 
constant in both serum and cerebrospinal fluid. The presence of a 
negative reaction would make a diagnosis of these conditions highly 
improbable. 

In tabes dorsalis the reaction is almost constantly a in serum 


and cerebrospinal fluid, except when the activity of the disease has 


subsided as a result of time or treatment. The strength of the reaction 
18 often not so great as that in dementia paralytica; on the other hand, 
this is in no way & constant rule. Thus, a negative reaction obtained 
during an active stage of a suspected case of tabes dorsalis would render 
the diagnosis unlikely. 

In untreated cerebrospinal syphilis, the reaction in the spinal fluid 
varies according to the site of the lesion. When the spinal cord and 
its meninges are affected, the reaction is positive and usually very 
strong; but when the signs indicate that the cord bas escaped, it is 
inconstant, and, when present, weak. The reaction is most often posi- 
tive when the lesions are recent. In treated cases, the reaction is 
positive in the cerebrospinal fluid according’ to the efficiency er other- 
wise of the treatment. 
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| . (2) The Origin of the Wassermann Reaction in the 
e, . Cerebrospinal Fluid. 


In gidei to disċuss the origin of this reaction and its behaviour 
under various conditions, it will be necessary to consider the researches 
of Turnbull upon the subarachnoid space and the deductions drawn 
therefrom by Fildes. These views differ considerably from those usually 
. taught. 

We beleve that the subarachnoid space is a closed cavity, potential 
in the cranium and actual in the spinal canal. It is filled with a 
relatively stagnant ‘cerebrospinal fluid, which acts simply as a water 
cushion to the spinal cord and brain-stem. 

The cerebrospinal fluid serves no lymphatic function and is shut off 
from the lymphatics of the brain, cord and roots by the endothelium 
. covering the walls of its containing space. 

The origin of the cerebrospinal fluid is unknown; but in all 
probability it is a sécretion of the endothelium lining the subarachnoid 
space. It is doubtful to what extent the ventricular fluid contributes 
to its constitution, and we think it is improbable that this fluid passes 
directly from the ventricles into the cerebrospinal fluid by way of the 
. foramen of Magendie, even when this exists. Normally the cerebro- 
spinal fluid in the cranium is a mere film of moisture lubricating the 
. opposing walls of the subarachnoid space as in & joint cavity; in 
the spinal canal it collects in some bulk and remains in a relatively 
stagnant condition. Under abnormal circumstances the quantity of fluid 
may be increased, and, when degenerative or inflammatory conditions 
of the pia are present, unusual substances may contaminate it as an 
exudate. Even when the pia is unaffected, such substances as the 
endothelium is capable of secreting may find their way into the fluid. 

The Wassermann substance is not capable of passing an intact 
membrane, and it wil only appear in the spinal fluid when the pial 
covering is diseased. The source of the Wassermann substance 
throughout the body is & syphihtic focus; it probably represents one 
of the elements derived from s cell which has been specifically affected 
bythe Spirochsta pallida. Its source, therefore, in the central nérvous 
system will be either a meningeal and vascular focus-in cerebral syphilis 
or a ''parasyphilitic" focus in parasyphilis. An acute or chrénic 
meningitis will obviously involve the pia mater, and the products of 
this process, including the Wassermann ‘substance, will pass into the 
cerebrospinal fluid; thereaction will therefore be positive. If, however, 
the lesion is purely thrombotic, and the meninges are little affected, the 
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Wassermann substance will not pass into the fluid to any great extent. + 
The reaction in the cerebrospinal fluid may therefore be negative or ® 
slightly positive only. Further, it must be remembered that the test fluid 
is collected from a site far distant from the brain and that, if there is 
any interruption to a free passage of the fluid from the brain to the 
spinal cord, Wassermann bodies, poured into the cerebral subarachnoid 
space, may not reach the lumbar region. In this manner we endeavour 
to explain the fact, that in a purely cerebral lesion, whether meningeal » 
or not, the cerebrospinal fluid usually yields a negative reaction,. 
while, when the cord is affected, it is positive. Now a gummatous 
process is known to be peculiarly susceptible to salvarsan treatment ; 
such a lesion therefore may be rapidly healed and the pia reduced to 
& normal condition. That is to say, both the source of the Wassermann 
bodies and the opportunity for their entry into the fluid may be readily 
abolished. In such cases, therefore, the Wassermann reaction should 
rapidly become negative in the fluid, and this we have shown to be the 
case (vide pp. 10 and 18.) = 

Türning to the consideration of parasyphilis, we hold that the 
origin of the reacting substance is the “ parasyphilitic” lesion which, 
as we show later, is situated in the nervous tissue. ‘This substance 
does not find its way into the fluid by means of any of the “normal” 
channels which have been described, but passes up the adventitial’ 
lymphatics to the pia. This pial membrane is always diseased in 
dementia paralytica and tabes dorsalis, and thus the reacting substance 
can pass into the cerebrospinal fuid. But this Wassermann reaction 
cannot be made negative by treatment under ordinary conditions, 
because antisyphilitic remedies circulating in the blood-stream cannot 
obtain access to those essential tissues of the central nervous system, 
which form the “parasyphilitic” focus (vide infra, p. 27). The 
process will therefore continue unhindered to give rise to the sub- 
stance responsible for a positive Wassermann reaction in the cerebro- 
spinal fluid. 


CHAPTER,IIlL.—A THrory OF PARASYPHILIS. 

. (D) The Pathological Anatomy of Parasyphilis. 
Parasyphilis of the nervous system. is ‘a widespread condition, 
which may affect every structure in the brain and spinal cord. If we 


wish to study the anatomical changes with which it'is associated, it is 
useless to examine long-standing cases of such & disease as tabes 
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dorsalis ; the essential lesions have long given place to chronic condi- 
tions, which reveal little of the nature of the original reaction. But a 
study of the spinal cord in cases of tabo-paresis, where the patient has 
been killed by the cerebral lesions, at a time when those in the spinal 
cord are still fresh, throws more light on the nature of the fundamental 
processes. 

According to the ‘views widely adopted at the present time, 
parasyphilis of the nervous system depends on an atrophy of the 
nerve-fibres and cells, associated with a cellular infiltration of the 
' meninges and adventitial sheaths of the vessels and proliferation of 
the neuroglia. The majority of the authorities look upon the degenera- 
iion of the essential nervous structures as primary, and. the vascular 
and glial proliferation as a secondary sclerosis. Some, however, have 
urged that, at any rate in tabes dorsalis, the degeneration 1s secondary 
to changes in the meninges and adventitial sheaths of the vessels. 

On the other hand, the lesion of chronic syphilitic meningitis 
(gummatosis) appears to be of a different nature ; it starts as a lympho- 
‘cytic accumulation about a small vessel, the lumen of which tends to 
become obliterated by proliferation of its endothelium. The accumula- 
tion of plasma cells and fibroblasts then leads to the formation of a 
definite granuloma. Any degeneration of nerve-fibres or cells which 
‘may occur is produced by interference with the blood-supply or pressure 
of the inflammatory tissue. _ 

We have elaborated the view that, in all the lesions of active She, 
ihe interstitial reaction is the same in quality, and differs only in the 
relative number of the reacting cells. Everywhere the activity of the 
spirochete is manifested about itself as it lies in the neighbourhood 
of a capillary. There occurs a reaction of the fixed cells and a reaction 
of the wandering cells, producing a localized collection, or series of 
collections of lymphocytes, and later of plasma cells and fibroblasts. 
The same sequence is discoverable in chancres, papules and gummata, 
and the gross appearance of the lesion is dependent merely upon the 
amount of thrombosis and fibrosis. In those organs which contain a 
specialized parenchyma, a reaction may also occur in these cells, and 
the result will be degeneration followed by more or less recovery; the 
amount of this recovery will depend on the extent to which these 
specialized cells possess the power of regeneration. 

The. differences between the microscopical snatomy of the nanoen 
-whick occur in chronic syphilitic meningitis and in “ parasyphilis," are 
generally supposed to represent a fundamental difference in the nature 
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of the pathological process. Nevertheless, in our view there is no such 
essential difference between the two conditions from a pathological, 
aspect. We look upon a.“ parasyphilitic ” lesion as a reaction and not as 
a degeneration; it is a reaction to the same toxic influence, the Spiro- 
cheta pallida, as that which evokes a gumma. But in the one case 
the chief reaction occurs in the nerve-cells (parenchyma of the brain) 
and neuroglia, whilst in the other the chief-reaction occurs in the 
.meninges and vessels (interstitial tissues of the brain). Parasyphilis 
of the brain or cord therefore corresponds to the parenchymatous lesions 
of the testicle (so-called parasyphilis of the testicle), while the gumma- 
tous lesions of the brain correspond to gummatous (interstitial) orchitis. 

When a spirochmte, as shown by Noguchi [21], appears in the 
nervous tissues, there is a double reaction: firstly of the nerve-cells 
(parenchyma) and neuroglia (fixed interstitial cells); and secondly, of 
the wandering cells. These. latter may be observed in large numbers, 
lymphocytes and plasma cells, filling the lymph spaces of the meninges 
and perivascular sheaths; but they are largely prevented from reaching 
the actual site of the spirochste by the peculiar anatomical configuration 
of the part. "They lie within the adventitial sheath of the vessels and . 
are excluded from the nerve-tissues proper by this sheath, which is a 
continuous uninterrupted boundary, an extension of the limiting 
membrane of Lenhossek, between the nerve-tissues and the vessels. 
Thus, although the fixed elements, nerve-cells and neuroglia will react 
locally,» the wandering cells remain distant and diffuse, and no 
“gumma ” will be formed. As regards the nerve-cell itself, the reaction 
must entail a certain amount of death and degeneration. 

Thus, & “ parasyphilitic " disease is not due to a simple AE A 
of nerve-elements, but is a reaction, affecting all the tissues which lie 
within the brain and spinal cord, and does not differ in pathological 
essentials from the reaction in chronic ‘syphilitic meningitis. What 
then is the essential nature of a reaction which can manifest itself in _ 
such various anatomical changes as '' gummatosis’’ and “ parasyphilitic ” 
disease ? 


(2) The Nature of the Toxic Action in Parasyphilis. 


Mott [19] believes that this condition is in the strictest sense a non- 
specific sequel to syphilitic infection; the nerve-elements have reacted 
over a long period to the poison, and, in the attempt, fall vicfims to 
exhaustion and early death. The changes in neuroglia and lymphatic 
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channelg are consequent on the necrosis of the cells and fibres and are a 
secondary expression of the same toxic activity. 

. The remarkable tendency of some strains of syphilis to infect the 
. nervous system led many, especially the French authorities, to postulate 
a: “Syphilis à virus nerveux.” With the final recognition that tabes. 
dorsalis and dementia paralytica demanded syphilis as an antecedent 
condition, the discussion as to the existence of a nerve-poison in some 
brands of infection shifted somewhat. Investigators began to suggest 
that some syphilitic infections might carry with them a peculiar lia- 
bility to evoke parasyphilitic disease, and the notorious tendency of tabes 
dorsalis to follow mild primary manifestations was used as an additional 
support to this supposition. Cases were described [17] where one 
woman infected several men, all of whom developed parasyphilis; and 
Brosius [8] placed on record the story of seven glass-blowers who 
caught the disease from the same fellow workman; four out of five, 
who were examined twelve years later, were affected with nervous 
disease thought to be parasyphilitic. 

Neisser [20] pays little attention to the question of parasyphilis but 
says: “Es kann wohl kein Zweifel darüber bestehen, dass, in der 
Pathogenese dieser Krankheiten die Syphilis zwar das wichtigste, ja 
sogar wohl unerlässliche urs&chliche Moment darstellt, aber nicht das 
einzige. Sicherlich gehören entweder bestimmte ererbte Pr&disposi- 
tionen, oder bestimmte anderweitige Schädigungen (Alkohol) dazu, um 
bei Syphilitikern Tabes und, Paralyse zu erzeugen, falls man nicht die 
Hypothese, dass es eiñ spezifisches Nervenvirus gibt, akzeptieren will." 
Thus it is obvious that, although he accepted tertiary manifestations as 
a striking evidence of the extent to which the mode of reaction of the 
tissues had been changed (“ Umstimmung "), he did not think that it 
bore materially on the phenomena of parasyphilis. 

With von Pirquet's conception of “ allergie," a line of thought was 
‚opened which led McIntosh and Fildes to formulate the view we hold 
with regard to the nature of parasyphilis. Von Pirquet showed that all 
infections led to a change in the character of the reaction of the tissues 
to the poison. This might take place in two directions; they might 
respond less and less to infection ("hypoallergie "), until ai last they 
ceased to respond altogether and became ''anergic." But, on the other 
hand, a change in the opposite direction might occur; the reaction 
might appear both more quickly and with greater violence to a smaller 
dose of the poison. This he spoke of as “‘hyperallergie”’ and brought 
into this category the phenomena, described by Richet, under the name 
of “ anaphylaxis.” 
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Von Pirquet had no opportanity of working on the manifestatio 
` of syphilis in the light of this conception, but he quotes Finger and 
Landsteiner as showing that the period of incubation of & second 
infection can be shortened, and that patients with tertiary syphilis may ` 
react locally to the injection of syphilitic material. 

In our view tertiary and ''parasyphilitic " phenomena are manifesta- 
tions of hypersensitiveness (“ hyperallergie’’),.which reaches its extreme 
form in anaphylactic shock. As the tissues are hypersensitive, they 
react more strongly to a minute dose of the poison, and hence some of 
the difficulty of discovering the eee in gummatous and para- 
syphilitic tissues. ` 

The difference between the anatomical consequences, produced by 
the impact of tbe poison in the two ceses, depends on the nature of 
the tissue attacked. Thus, gummatosis is the reaction of hyper- 
sensitive vessels and connective tissue, parts which tend to show 
proliferative changes. On the other hand, the pathological anatomy 
of " parasyphilis" of the central nervous system is the expression of 
the response of hypersensitized, highly differentiated nerve-elements 
which have no power of regeneration. The profound difference between 
the two forms of disease-process depends, not on the extent to which 
the tissues have become hyperallergic, but on the fact that, in the one 
CASO, proliferative repair can occur at once, whilst, on the’ other hand, 
the injury to the nerve-elements results in their death. This view 
explains the fact that '" parasyphilitic" processes occur in those nerve- 
fibres in which the sheath of Schwann is absent. This structure is 
not only an essential factor in the process of regeneration, but also, no 
doubt assumes a nutritive or protective rôle, to such an extent that 
& reaction which is sufficient to destroy a nerve-fibre not provided 
with this sheath may be insufficient to injure to any considerable extent 
the nerve protected by the neurilemma. | 

. This theory also accounts for the occasional presence in the same 
patient both of gummatous meningitis and of “ parasyphilitic” degenera- 
tion; the one is the reaction of a highly sensitized connective tissue, 
whilst the tabetic changes are the expression of a similar condition in 
the long fibres of the posterior columns. 

On this view we can also explain the peculiar course of the milder 
forms of parasyphilis. The tendency of many cases of tabes dorsalis is 
to run on somewhat acutely'to a certain stage and then to stop, frequently 
for many years. This is particularly well seen where the fist mani- 
festation takes the form of primary optic atrophy, which leads invariably 


PARASYPHILIS OF THE NERVOUS SYSTEM 25 


to complete blindness; but from that time onwards the patient may 
emain free from any further affection until, perhaps many years later, 
his knee-jerks disappear, or he suffers from some cerebral complication. 


(3) How is the Central Nervous System rendered Hyper sensitive 
to the Kpirochæte ? 


In order that a part of the body may be rendered hypersensitive, it 
must have been exposed previously to the influence of the toxic agent. 
Thus, a patient who has had tuberculosis may be rendered so hyper- 
. sensitive to the organism that minute and otherwise harmless doses, 
even of tuberculin, applied at a later date, will produce an immediate 
reaction. In the same way, the tissues of a syphilitic patient become 
‘hypersensitive, so that a reapplication of the virus from without or the 
recrudescence of spirochsetes within, will produce a large reactive lesion 
(syphilitic pseudo-chancre, gumma) out of all proportion to the number 
of spirochstes present. ‘The central nervous system, also, may be 
sensitized, and the reappearance of spirochetes at a later date then 
produces an exaggerated reaction either in the nerve-tissues proper or 
in the vascular tissues of the nervous system. How then can this 
sensitization of the central: nervous system be brought about under the | 
influence of syphilitic infection ? 

According to the extensive researches of Orr and Rows [og], ihe 
perineural lymphatic space, which surrounds every spinal nerve and 
extends along the roots to the pia mater, is the afferent lymphatic 
channel of the central nervous system, while, according to Turnbull, the 
lymph spaces of the pia, which are in connection with these perineural 
sheaths, are also direct continuations:of the adventitial lymph spaces of 
the perforating vessels. Thus we hold the view, that the space within 
the adventitial sheath of the finest capillary is in direct continuity, by 
means of lymph spaces, with the lymphatics of the, spinal nerves, and 
that substances, ascending such nerves (Orr and Rows), will be brought 
into intimate relation with the nerve-tissues of the central nervous 
system. 

Further, both Ehrmann [5] and Levaditi [14] have shown that 
the Spirocheta pallida may pass from a primary sore up the peripheral 
nerves; they discovered the organism not only in the lymph spaces of 
the perineurium, but actually between the nerve-fibres. It may, there- 
fore, be'assumed that the Spirocheta pallida is equally capable of affect- 

' ing the.cutaneous nerves during the secondary period, and hence the 


26 ORIGINAL ARTICLES AND CLINICAL OASES 


central nervous system, especially that part related, to the afferent, . 
peripheral nerves (posterior roots), will come under the influence off 
spirochstes or their toxins, from the whole superficies of the body and 
most of the internal, organs. Thus, the posterior columns, which are 
in direct lymphatic connexion with the posterior roots, may be sensitized 
by the toxins of spirochsstes ascending the afferent peripheral, nerves ; 
our explanation of the regional sensitization in tabes dorsalis corresponds 
to that given by Orr and Rows for the changes they have described in 
the posterior columns as a consequence of bed sores. . 

To explain the manifestations of dementia paralytica we.again follow 
the views of Orr and Rows; sensitization of the essential tissues of the 
brain may arise from an affection of the lymph system of the cranial 

‘nerves by spirochstes or their products. It is possible, however, that 
in some cases sensitization may follow an infection of the intracranial 
tissues during the secondary period. A considerable amount of clinical 
and pathological evidence has now been collected to show that a menin- 
gitis is not uncommon in the acute stage of syphilis. Should this 
infection lead to the spread of spirochsstes amongst the essential tissues 
of the brain, it would doubtless leave them, equally with the meninges, 

in a hypersensitive condition. 

If now a spirochsste which has remained dormant, or has been active 
in some indifferent part of the body, appears among these sensitized 
nervous tissues, two different phenomena may be observed according to 
the site of its activity. If within the lymphatic area of the posterior 
columns, a violent reaction may ensue, injuring the nerve-fibres and 
producing proliferation of the neuroglia and wandering cells. The 
injury to the nerve-fibres will lead to degeneration, and this will con- 
’ tinue as far as the reflection of the neurilemma and no further. When 

this stage has been reached, the process 18 at an end so far as concerns 
this particular region; in this sense tabes dorsalis is not a progressive 
degenerative lesion. 

If the renewed activity of the spirochste, however, happens to occur 
in the cerebrum, a similar reaction will take place in the nervous and 
other tissues, but, owing to the greater diffuseness of the sensitization, 
the area affected will tend to be greater. All intrinsic fibres within the 
sphere of reaction will tend to degenerate, but the process can seldom 
be observed to the end, owing to the involvement of vital functions and 
the early death of the patient. 

The “parasyphilitic” reaction need not, however, be confined to 

~these two areas. Isolated collections of cells, for instance those of the 
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anterior horn, may be affected and give rise to“ parasyphilitic " muscular 
atrophy. Other groups of fibres or cells, alone or in combination, may 
be involved in the reaction according to the site of reappearance of the 
spirochste, and so determine the clinical’manifestations in each case of 
parasyphilis. | 

It will be recognized that antisyphilitic treatment can have no 
direct effect upon such degenerating nerve-structures, and therefore 
upon the symptoms and signs of tabes dorsalis or dementia paralytica ; 
nevertheless, it may prevent the occurrence of a further reaction in 
another area by. killing the spirochstes, 

The fact, however, that antisyphilitic treatment has little or no 
effect upon the Wassermann reaction in dementia paralytica and in 
tabes dorsalis, must be explained on other grounds. It is possible that 
the. degeneration of the nerve tissues continues the type of the initial 
reaction, and is thus `“ specific,” giving rise continually to the Wasser- 
mann body. On the other hand, a more probable explanation is to be 
found in the fact that antisyphilitic remedies do not readily obtain 
access to spirochetes lying in the nerve-tissues; indeed, W. H. Willcox 
[quoted in 15] has already ‘demonstrated that, after treatment with 
salvarsan, though all the viscera contained large quantities of arsenic, 
it was entirely absent from the brain. 

If, then, the focus of origin of the Wassermann substance lies within 
the essential tissues of the central nervous system, it will not be exposed 
to the action of antisyphilitic remedies, and will remain active in spite 
of treatment. Thus, the cellular infiltration of the meninges, dependent 
on the activity of this focus, will also remain unaffected by treatment 
and will determine that injury of the pial covering which allows the 
passage of the Wassermann substance into the cerebrospinal fluid. 

“ Parasyphilis," as we have endeavoured to show, depends upon an 
anaphylactic reaction in the tissues of the central nervous system, 
which have been rendered hypersensitive in accordance with their 
peculiar lymphatic distribution.  ''Parasyphilis," therefore, does not 
differ from ‘‘chronic cerebral syphilis’’ in any essential pathological 
particular. ‚It is merely a similar reaction in a different tissue. The 
word ‘‘ parasyphilis” suggests a ‘concept which is entirely foreign to 
our view of the nature of these morbid processes; it should therefore be 
confined solely to the multifarious clinical manifestations which may 
arise from the reaction of hypersensitive nerve-tissues and neuroglia 
to the Sptrocheta pallida. 
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CONCLUSIONS. 


(1) Parasyphulis of the nervous system is a purely clinical conceptién. 
Tt is a diseased state which may affect any part of the brain or spinal 
cord; the manifestations of tabes dorsalis and dementia paralytica can 
only be erected into two clinical’ divisions by an arbitrary selection of 
signs and symptoms. Some. forms of progressive muscular atrophy, 
lateral and combined sclerosis, primary optic atrophy and periodic 
epileptiform attacks may be equally definite manifestations of 
parasyphihs. | 

(2) Parasyphilis is slightly, if at all, amenable to antisyphilitic treat- 
ment with compounds of arsenic and mercury, probably because these 
bodies do not enter the essential structures of the central nervous 
system. 

(8) Parasyphilitic states are seats liable to arise after mild 
syphilitic infection. Sixty per cent. of cases of tabes dorsalis have 
suffered from at most a primary sore, and in many ‘instances the whole 
course of the initial infection was run nnder cover of a gonorrhea. 

(4) In dementia paralytica and in active, untreated cases of tabes 
dorsalis and tabo-paresis, the cerebrospinal fluid yields a positive 
Wassermann reaction, often of great strength. 

(5) With acute or chronic syphilis of the nervous system, other tha 
. parasyphilis, the behaviour of the cerebrospinal fluid depends upon th 
extent to which the spinal cord and its membranes, including those of 
the brain-stem, are affected. .Thus, most cases of meningomyelitis 
show a strong positive reaction in the cerebrospinal fluid, whilst cerebral 
lesions tend to give a weakly positive or even a negative reaction. 

(6) Antisyphilitic treatment has a profound effect on the positive 
reaction in syphilitic meningomyelitis, and the cerebrospinal fluid may 
give a negative reaction after a few months. . 

But in cases of parasyphilis no obvious change occurs in consequence 
of such treatment, within any comparable period. 

(7) Whatever views may be held of the primary and secondary 
manifestations in syphilis, we believe that all tertiary and “ para- 
syphilitic ” manifestations are expressions of the reaction of hyper- 
sensitized tissues (‘‘ hyperallergie "). That is to say, during the previous 
stages of infection, the tissues have been so altered that they react more 
violently to a smaller dose of the spirochete or its toxins. 

Gummatosis is the reaction of hypersensitized connective tissues and 
blood-vessels, whilst ''parasyphilis" is a hyperallergic reaction of the 
essential nerve-elements and neuroglia. 


j 
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(8) The consequences of this hyperallergic reaction in the tissues of 
" central nervous system is death of any set of fibres or ‚cells which 
happens to'-be attacked, and proliferative reaction on the part of the 
neuroglia within the same. territory. 

Thus, the clinical manifestations of “ meme are an expression 
of the reaction and necrosis of hypersensitized areas of the nervous 
system, evoked by reappearance of the Spiroclueta pallida. 

(9) This hypersensitive (‘hyperallergic”) state of the tissues of 
the central nervous system is produced, in all probability, by the 
passage of the spirochetes or their toxins up the nerves from the skin 
and mucous membranes during the secondary period. But it is also 
conceivable that it may be due to a slight “ encephalitis” during this 
stage of infection. 

The headache and lassitude, unaccompanied by any gross nervous 


lesions, which so frequently occur during the secondary stage, possibly 


represent clinically the period during which sensitization occurs. 

(10) Thus, parasyphilis is a clinical conception which comprises the 
manifestations of a series of diseased states. From the pathological 
point of view, the term is inadmissible. These states depend on the 
reaction of hypersensitized tissues to the spirochsste or its toxins, and 
this reaction is as truly syphilitic as the production of gummata. 

The difference between the consequences of the tertiary and of the 
“ parasyphilitic " process lies in the nature of the tissues participating 
in the reaction. In the one case the connective tissue is capable of 
repair, and the focus 1s readily reached by the remedial agents. In the 
case of “ parasyphilis," reaction of the essential nerve-elements leads to. 
their death, and antisyphilitic remedies cannot readily reach the 
spirochsste. 
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Part L-—ÜCLINICAL History. 


THE subject of this communication was a male epileptic who 
was admitted into Rainhill Asylum under our care in August, 1901, 
and died there in January, 1910. ‘He was a single man, by 
occupation & piano-tuner, and. his age on admission was 28. His 
family history was good? His father was an intelligent man, a Non- 
conformist minister, and there was no record of insanity, epilepsy, or 
allied neuroses in the family. The patient himself had always enjoyed 
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good health, and had never had any serious illness except an attack of 
pleurisy. He was bright and intelligent as a child, and early showed 
‘promise of great musical ability, but he was always of a nervous, 
excitable disposition. At the age of 9 years he seems to have had an 
attack of petit mal, but the first distinct fit occurred when he was 16, 
and since that time he remained subject to epileptic attacks at variable 
intervals. For about a year before admission, the parents of the patient 
had noticed a gradual mental deterioration, which doubtless had been 
coming on insensibly for some time previously, but no attack of active 
insanity occurred until ten days before admission, when he became 
delusional, excited and threatening, which necessitated his removal to 
the asylum. He was on admission a man of good physique, 5 ft. 
10 in. in height, and 12 st. 10 lb. in weight, with all his viscera 
apparently healthy. The limbs were well formed and symmetrical ; 
there were no deformities of any kind, The circumference of his head 
was 25 inches. His mental condition was one of partial dementia. 
He was dull and weak-minded generally, slow of speech with pro- 
longed reaction time, but was nevertheless fairly intelligent, could give 
a good account of himself, and was a useful worker. His history 
thenceforward was that of epileptics generally. ^ The frequency of his 
fits increased in spite of treatment by bromides, so that whereas in 
the year 1902 his fits had averaged 5°9 per month, these had 
increased in 1907 to 9 per month. Along with this went steadily 
increasing impairment of memory, and intelligence; he also had 
periodical attacks of excitement, lasting for a few days at a time, 
during which he was violent and dangerous, such attacks usually 
leaving him on their subsidence somewhat duller than before. Even 
when at his best he was markedly irritable and quarrelsome and 
showed much emotional instability. The steady mental deterioration 
was well shown by the fact that when first admitted into the 
institution in 1901 he was a useful worker in the place, but by the 
end of 1906 he had become useless as such, and in 1909 he had not 
sufficient mind to employ himself in any way. Concurrently with 
this his health gradually failed, and he finally died of an attack of 
` broncho-pneumonia at the age of 37. | 


Autopsy NOTES. 


Autopsy twenty-two hours after death. Temperature of mortuary 
40° F. Height 694 in.; circumference of shoulders 354 in.; of 
head’ 254 in. No deformities.. Skull markedly dolico-cephalic and 


“947 ¢ grm.; * + stripped ^ 
5 924 grm. ; 6 | ne 900 
medulla, andtripped T a - à Ae 
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and. medulla to 
the br is given by his, as 13:87. dn this specimen, the | 
| atio being 10°6:87, the weight of the cerebrum relatively to that of. 
the 'eonjoined cerebellum, pons, and medulla is in excess of the normal. 
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< Looked at generally the cerebral hemispheres are unusually long as 

dor compared with their breadth. The different parts, however, appear to... 
ur = be in about normal proportion, excepting that the fronto-polar region — 
4 m each side strikes one as being decidedly broad, relatively as wellas ^. 
absolutely, the superior portion of each third frontal gyrus is somewhat . c : 
.. defective, and oecipital lobes are relatively somewhat small. p 
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, The cerebellum, pons, and medulla appear as regards their shape 
and constitution to be in every way normally developed, and these parts 
are well covered by the cerebrum. 

The encephalon is one of the largest—uncomplieated by any gross 
pathological change—of which there is any authentic record.’ It is 
of interest to note that in several instances which have been reported 
of extraordinarily heavy brains the possessors have suffered from 

_ epilepsy. 

The encephalon in this case much exceeds in weight that of the 

great' majority of the 108 eminent men whose brain weights have been 

- collected by E. A. Spitka [18], the nearest approach to it, in regard to 
weight, viz., 2,012 grm., bemg that of Turgenev, the Russian poet and 
novelist. The cerebral hemispheres are also, on the whole, about the 
most generally complex in pattern which we have hitherto seen. So 

' far as: can be judged from the drawings they are more complex than are 
those of any of the eminent men illustrated in Spitka’s work, either 
those specially described .by himself or by Retzius and others. 


THE DRAWINGS OF THE CEREBRAL HEMISPHERES. 









As illustrations supplementary to the photographs, drawings have been 
repared something after the manner of Kohlbrugge [12] and [13] and 
f Cole [8]. These are freehand drawings based upon tracings of the 
hotographs of the hemisphere. In the case of the lateral surface a con- 
iderable extension has been made towards the boundaries of the tracing 
so a8 to obtain in a single picture complete, or almost complete, views of 
the orbital surface, and of the fronto-polar and occipito-polar regions, as 
well as of the dorsal aspect of the hemisphere. The mesial aspect is 
hown in a similar manner, but as so much more of this surface, as 
ompared with the outer, is almost flat a much less extension towards 
the boundaries of the drawing has been necessary. The drawings are 
thus, as Cole states with reference to his own, “a sort of Mercator’s 
projection, though, of course, not mathematically exact... . The 


' We have been able to find records of three human brains only, whether accompanied by 
pathological changes or not, of greater weight than the one under consideration, slthough 
ib is possible that there are others which have escaped our search. These three are as 
follows :— 

(1) Van Walsem’s [22] case—2,850 grm. 

(2) Sims’ [17] case—2,400 grm. (Quoted by Anton [1] and Kohl brugge [13].) 

, (8) A case mentioned by Hermann Pfister [16] 2,922 grm. There are reasons, however, 
.for believing that there were gross pathological changes in this case. 


* 
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longitudinal dimensions of the ou about the crest of the hemisphere 


are unavoidably exaggerated . . . but their transverse dimensions, 
radial in the drawing, are a as nearly A8 posible in their true 
proportion.” 


The drawings differ from those of Kohlbrugge and Cole in that an 
attempt has been ‘made to give an adequate display of the sulci and 
gyri of the under surface of each hemisphere by making a considerable 
extension in this direction of the drawings of the lateral and mesial 
aspects. The position of borders, such as the superciliary and occipito-. 
temporal, can be seen on comparison with the photographs. 

. The drawings are in three sets. In one set (figs. 1b, 2b, 3b, 4b), 
the Arabic numerals without the letter m adjacent to them show 
the estimated length in millimetres of the different sulci, or portions 
of these, against which they are placed. A small + is put against 
a point from which & portion of a sulcus was measured to its extremity 
or from point to point along the sulcus. These measurements thus do 
not convey the idea of length from point to point, but from them may 
be gathered the estimated length of a sulcus. The extent to which the 
drawings are necessarily inexact in certain places can be seen from 
. these measurements. 

The drawings give a more accurate idea of the composition of th 
sulci than do the photographs; annectants are usually more clear] 
indicated, and the representation of mere vascular grooves, which ma 
appear as shallow sulci in the photographs, is omitted from th 
drawings. 

The Arabic numerals with the letter m adjacent to them indicate 
the estimated depth, in millimetres, of the several sulci at about the 
points against which the numerals are placed. Owing to obvious 
difficulties, however, all these measurements can only be regarded 
approximately correct, and are merely of relative value. 

The Roman numerals have been employed after the manner of 
Kohlbrugge and of Cole (the former uses Arabic numerals for this 
purpose) as marks by which one may identify corresponding points in 
two views of the same hemisphere. For facility of reference in these 
very complex hemispheres a considerable number of these points have 
been indicated. Many of the sulci, or portions of these, appearing ‘in 
different views of the same hemisphere may also be identified by the 
Arabic numerals placed against them. 

In another set of drawings, viz., figs. la, 2a, 3a, 4a, the sulci, the . 
identification of which is certain, or fairly certain, have letters placed 
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* againat thém corresponding to the letters used by Kohlbrugge in his 
drawings. For the sake of clearness all the numerals referring to 
measurements have been omitted in this set of drawings excepting . 
certain Arabic numerals, similar to those employed in the first set of 

. drawings, which have been placed against certain sulci referred to in 
the text, the identification of which is doubtful, or to which u 
attention is directed. 

The third set of drawings, figs. 7 and 8, will be referred to under 
Part II. | 


METHOD OF HARDENING THE CEREBRAL HEMISPHERES. 


The cerebral hemispheres were hardened in 5 per cent. formalin 
after being stripped of their membranes, each hemisphere being laid on 
its mesial surface supported by wool. This method was adopted because 
ib was originally intended to attempt micrometric measurement of 
sections from various regions of the cortex, and in order to obtain 
results comparative with other control cases it was considered advisable 
to strip the cerebrum in the fresh state. Unfortunately, although the 
tissue was fairly satisfactory for ordinary microscopical examination, it 
was found to be unsuitable for micrometric measurement. 













MEASUREMENTS OF THE CEREBRAL HEMISPHERES. 


These are in three sets. The second and third sets, particularly, have 
en made according to E. A. Spitka’s [18] system. This author states 
at those measurements are best which can be reduced from absolute 
relative values wherein some unit of length, preferably the maximum 
rebral length, is used as & basis of expression rather than so many 
nches or centimetres. Hence centesimals of the length of the cerebrum 
re used, so that all brains may be compared, “no matter what their 
size or what the degree of shrinkage may be, so long as there is no 
actual distortion." 

The method of hardening above described unavoidably leads to & 
certain amount of distortion of the hemispheres. Consequently it is 
doubtful if the measurements of these given below are of much value, 
partly for this reason and partly because of the difficulty of finding 
fixed points. In fact some writers advocate the abandonment altogether 
of any attempt at such measurements, believing that they are not only 
worthless but actually misleading. It is possible, however, that such 
measurements would be of some interest and value if compared with cor- 
responding ones made upon hemispheres hardened in a similar manner, 
and which were originally not markedly atrophied or soft and flabby. 
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Measurements of the Cerebral Hemaspheres. 


Compared with the average en when obtainable, of 
the brains of ten 'ordinary and normal individuals (Spitka [18). An 
the measurements are > given in millimetres. — 

Right Left Averag 


g hemisphere hemisphere when amenable 
I.— Principal diameters, &o. 






Maximum length .. 2s es 22 T 216 228 172 
Maximum width .. T i bs ja . 65 59 -= 
Maximum width of cerebrum .. .. 124 — = 189 
Cerebral index a E 55 6. — — 81 
"Maximum depth .. "T a me T 140 136 — 
Mesial length he. sa T T - 382 880 = 
Lateral length .. Ei an ee ha 270 275 ae 
Callosa! length .. an vs an AB 103 118 — 
Precalloss] length s A T ei 42 88 — 
Postcallossl length ii way ea vis 81 82 — 
Occipito-temporal length ids Gi à 172 178 > 
Sylvıan angle = Bir. "32 iis i5 45° ‘28° — 
Rolandio angle .. i - us 66? . 64? — 
II.—AÀro measurements, along the dorsi-mesial border. " "n 
Frontal are be ge ee’ we Ade 235 287 155 155 
Parietal arc $5 2s bi $i "P 79 ., 79 55 57 
Occipital aro er T 80 85 59 57 
Cerebral indices (expressed in cantesımals of _ R 
the total fronto-occipital men x i 

Frontal index .. i « oe 59-6 59:1 ` 577 

Parietal index .. a zi oe 20-1 197 20:4 

Occipital index .. T NE T 20:1 21:2 231 


III.—Horizontal distances (expressed in centesimals 
of the hemicerebral length). 


From cephalic pomt to— 


(1) Tip of temporal lobe "7 20:8 22:4 28 » 
, (2) Sylvian - presylvian junction 287 822 80 30 4 
Lateral | (8) Ventral end of central fissure 40-7 408 492 444 
Ẹ (4) Sylvian - epısylvian junction 551 51:5 — 6569 605 
(5) Caudal point .. yi - — — 7 x 100 
(6) Frontal edge of callosum .. 19 10:5 mm 99 
(T) Porta (foramen of Monro) 84-2 86 — 412 
: (8) Dorsal end of central fissure > 69 '67°6 -— 689 
ir s (9) Dorsal intersection of para- i 
n " central fissure T s 74 70:2 — 682 
"Eee (10) Caudal edge of callosum  .. 657 66:2 -— 64-2 
(11) Oceipito-ealoarine junction.. | 796 79:5 — TET 
(12) Dorsal interseotion of occi- 
pital fissure . E" ws 92:5 90:8 —~ 86:9 


Whatever view may be, taken of the value of these measurements, 
a brief allusion may be made to one or two points revealed: by them. 


^ 
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The length of the hemispheres as compared with their breadth is 
very great, so that the cerebral index, viz., 55°6, is remarkably low. ‘This 
cannot be wholly accounted for by the method of hardening adopted, 

, i.e., by a tendency for the hemisphere to spread out flat and thin when 
lying on its mesial surface. It is almost certain that the latter method 
has some influence in reducing the cerebral index, particularly in the 
case of brains which show much wasting and dilatation of the lateral 
ventricles. Yet the cerebral index in this specimen, which was little 
wasted, is decidedly smaller than is that of any of the other brains in 
our possession which were hardened in a similar manner, and which 
were measured for comparison, in spite of the fact that many of these 

' control brains were much atrophied. 

The measurements (6, series III) would suggest that the mesial part 

of the frontal lobe in front of the corpus callosum is relatively rather 
. small, especially in the left hemisphere, but the remainder of the frontal 
lobe is in almost normal proportion. 

The occipital index apparently shows that the occipital lobe is 
relatively rather small, especially on the left side. 

. Other departures from the average in the measurements may per- 
haps be accounted for, or at least partly so, by a certain amount of 
distortion of the hemispheres. 










GENERAL ACCOUNT OF THE CEREBRAL HEMISPHERES. 


In view of -the clearness and sufficient accuracy with which the 
ourse and dimensions of the sulci-are represented in the drawings, no 
ystematic description of these or of the gyri appears to be necessary. : 
he following general account will serve to direct attention to the main 
features shown by the convolutional pattern of the hemispheres. The 
identification of the sulci has been in some instances a matter of con- 
siderable difficulty, and we are much indebted to Dr. 8. J. Cole for 
valuable help in this connection. Dr. Kohlbrugge has also kindly 
revised the lettering of the sulci. We are ourselves, however, entirely 
responsible for all the opinions expressed. 

‚In addition to comparison with the descriptions and drawings of the 
sulcal pattern of the numerous cerebral hemispheres given by Kohl- 
brugge [12] and [18], indications of departure from the usual and - 
‘normal brain pattern, such as are regarded of importance by many other 
observers, have been carefully looked for. These have been summarized 
by Mickle [15] as occurring in the following directions : (1) In superiority, 
indicating active development and high evolutionary grade. (2) In 
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aberrant irregularity and bizarre arrangement of the sulci and gyri, which | 
is taken to signify formative activity, or over-activity but ill-directed. 
(8) In inferiority by defect: (a) either as & developmental defect, so 
that there 18 persistence, more or less, of fostal characters in place of 
‚advance to adult form; (b) or as an evolutionary reversion to brain 
types of lower races of mankind, or to lower animal types. 


Tug SuLOI AND GYRI OF THE CEREBRAL HEMISPHERES. 


We will deal with the interlobar fissures first, and then with the 
sulci and Ey | of the several lobes. 


The Interlobar Fissures. 


The fissure of Sylovus.—The general course of this fissure is more 
steeply inclined on the right side than on the left, but this is usually 
regarded as a normal difference between the two hemispheres both in | 
man and in most of the apes; the macaque, according to .Cunningham 
[9], showing an exception in this respect. 

The main portion of the posterior limb of the fissure is, as is usual, 
considerably longer on the left side than on the.right. The posterio 
limb ends on both sides in a shorter descending and a longer ascendin 
ramus. It seems donbtful how much of the latter really belongs 
the Sylvian system. It is broken by several deep interdigitations, a 
just above the mark 35 in the left hemisphere, and at a correspondin 
place in the right is a deep gyrus. Probably only the lower piece o 
the apparent ramus, below the deep gyrus, belongs to the Sylvian; th 
upper piece being a subsidiary sulcus of the inferior parietal lobule 
although it does not actually join the sulcus interparietalis. i 

In the right hemisphere the anterior limb possesses two rami, a 
posterior one,'R, which is short and deep—the apparent sulcus seen in 
the photograph joining this is merely a vascular groove—and an anterior 
one, R', having a forward and downward direction. On the left side 
the anterior limb shows only one well-formed ramus, R!, the sulcus 
behind this, H, representing the ascending ramus, being quite small, 
Further reference to these rami is made on p. 51. 

The sulcus centralis, n. N'-—This sulcus follows a fairly usual 
course on both sides, excepting that in the right hemisphere it is 
straighter than is common, and the typical backward extension of its 
upper extremity is absent. Hach sulcus shows several deep annectants, 
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and the upper and lower buttresses of Symington and Crymble [19] are 


* rather more distinct on the night side than on the left. 


The small sulcus, lettered N', when in the position it occupies in 


' these hemispheres, should probably be regarded as part of the 


s. centralis; for we have found in several cases that a similar sulcus 


' forms a posterior limit to the Betz-cell area. The sulcus in question 


` is on the left side, separated from the n sulcus by a narrow superficial 


bridge—the lower bridge of Mickle [15].. The presence of such a bridge, 
if broad, would probably be a mark of inferiority. 
Superficial union of the right s. centralis with the s. precentralis, 


. and with the Sylvian, by means of an intermediary sulcus (N) may 


also be noticed. ` This union, when present, 18 zegnzded by Mickle as 
aberrant. 

A short, straight, smooth-walled .s. centralis shallow relatively to 
the’ s. interparietalis resembles that, of lower apes, and it has been 
asserted that in poorly-developed brains and in those of negroes the 
B. centralis is less sinuous than normal. But Mickle [15] states that this 
condition is not often a criterion of low type, for some decidedly inferior 
brains have sinuous or zigzag central fissures. In this case the right 


“a. centralis, although rather straighter than usual, is of relatively good 


ength, is of good depth, and possesses well-marked deep annectants. 
The fossa parieto-occipitalis, w—This is well closed on both sides. 
'e sulci composing the complex, as seen on opening up the fossa, are 
1ewhat diagrammatically shown in the drawings, for all the internal 
ectants are deeply. placed. On the right side the dorsal elements 
üng the incisur& aré two in number (w, w) and the anterior of 
especially is of considerable length. On the left side there is 
, one dorsal element, and this is short. The cuneo-limbic and 
neo-precuneal annectants are deep; and’ are very similarly disposed 

n the two- sides. 

The sulcus calcarinus, c. Right hemisphere.—The anterior portion 


_>or stem passes forwards for a somewhat unusual distance anterior to the 


~ 


» 


splenium of the corpus callosum. The posterior portion curves markedly 
downwards and backwards in the main part of its course, its lower end 
bending slightly forwards. It is separated posteriorly by a broad super- 
ficial posterior cuneo-lingual annectant from an undulating sulcus 
(marked c 40), which also probably forms part of the calcarine system. 
The anterior cuneo-lingual annectant is somewhat small, and is for the 
most part deeply placed. Three. small deep. interdigitations are seen 
along the course of the posterior calcarine proper. 
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Left hemisphere—The stem of the sulcus follows a usual course. 
The posterior division passes at first downwards and bacltwards, and* 
then makes a sudden bend downwards and slightly forwards—the 
. general direction of this portion of the sulcus being very similar to , 
that on the right side. The small sulci behind (marked c 17 and.c 25) 
probably also belong to the calcarine system. The anterior cuneo- 
lingual annectant is small and deeply placed, the posterior is BUDE 
ficial and narrow. | 

In both hemispheres the stem of the sulcus shows the normal 
obliquely downward cut into the brain substance, whilst the posterior 
portion, as is usual,'incises the cerebrum at about right angles to the 
surface. 

On the right side the posterior calcarine proper ends rather further 
forwards than is common in the well-developed human brain. This, 
together with the presence of the curving shallow sulcus behind, 
separated by a broad superficial annectant, may possibly be some indi- 
cation of a phylogenetic reversion. + | 

, In tbe left hemisphere the irregular arrangement of the posterior 
calearine and of the separate terminal pieces behind this is atypical, and 
' perhaps may be regarded as a sign of aberrancy and inferiority. i 

The sulcus collateralis, f, fe; and sulews rhinalis, y.—The tig 
s. collateralis must probably be regarded as being defectively develo 
It is in two pieces separated by a broad superficial annectant. B 
portions of the sulcus are unusually shallow and are smooth w 
The sulcus marked y, 17 represents a s. rhinalis; between this and 
main portion of sulcus / is a narrow superficial gyrus rhinencep 
temporalis posterior. There is in this hemisphere a short in 
temporalis. 

The left's. collateralis istbetter developed than is the correspon 
sulcus of the right side. It has a fairly usual course: is'of goo 
depth and shows three deep interdigitations in its posterior portion. 
The sulcus marked y represents a s. rhinalis and there is a fairly 
broad gyrus rhinencephalo-temporalis ‘posterior, for the most part 
. deeply placed, and’ a narrow gyrus rhinencephalo-fusiformis. No 
distinct incisura temporalis is seen in this hemisphere. The sulcus 
 rhinalis on both sides probably forms a partial boundary to Brodmann’s 
area of cortex No. 28. ' 

The sulcus cinguli, d. Right hemisphere.—The pars Rotes and 
^ pars intermedia are typically placed. No définite Brücke of Eberstaller 
is seen along the course of these portions of the sulcus, although several 


3 













Y 
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small deep interdigitations are present. The pars posterior (d 15) is 
separated from the pars intermedia by a broad superficial annectant 
representing either Brücke III or IV whilst a Brücke V (the gyrus 
arcuatus anterior of Retzius), arches round the upper end of the pars 
posterior. The pars intermedia forms a definite junction with the sulcus 
subparietalis (K) (see fig. 2b). Such a union is shown in some of the 
drawings by Kohlbrugge [12] and [13] of Malayan and Javan brains. It 
is lóoked upon by Mickle [16] as aberrant in the human brain and as 
pointing to a phylogenetic reversion, although probably a junction of 
the K sulcus with the pars posterior of the sulcus cıngulı would be 
of greater significance in this respect.. 

Left hemisphere—The anterior reaches of the sulcus in this 

hemisphere must probably be looked upon as being duplicated, the 
sulcus marked d 28, 42 forming a s. cinguli superior. But below and 
behind this, and having a somewhat similar direction in relation to the 
genu of the corpus callosum, is another but much shallower sulcus 
(d 44) which may be regarded as part of the sulcus cinguli. There are 
several deep interdigitations, but no definite Brücke occurs along the 
course of the pars intermedia and sulcus d 28, 42. But the lower and 
posterior sulcus, d. 44, has an almost superficial annectant crossing ii at 
he mark I, and ıt is separated from the pars intermedia by a surface 
ectant at the mark II. If this sulcus, d 44, be regarded as part of 
e s. cinguli then these annectants have the usual position of 
erstaller’s Brücke I and Brücke II respectively. The pars posterior 
two divisions—horizontal and ascending—separated from each 
er by a Brücke IV. A Brücke V is also present. 
Daplication of the forepart of the s. cinguli appears to be commoner 
in the left hemisphere than in the right (Mickle |15] and Kohlbrugge 
[12] and [13}), and, when present, may be regarded as a normal dif- 
ference between the two hemispheres. 

Mickle [15] states that it is not infrequently difficult to appraise 
correctly the significance of certain appearances of the sulci. “ Like 
words in a sentence, their meaning varies with the context.” Duplication 
or triplication of the sulcus cingulı may be taken as a case in point. : 
‘This may sometimes mean the abnormal persistence in the adult of a 
' foetal character, and at other times aberrant formative activity, but 

Such interpretations can probably only be placed upon the appearance if 
accompanying conditions show a defective, reverting or aberrant 
tendency. If these conditions evince a normal or high brain type, the 
duplication of the sulcus in en may probably be deemed to 


manifest fissure wealth. 
„BRAIN —TOL, XXAVI, 4 
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The Frontal Lobes. 


The external Surface—The precentral system of sulci QR. Z, £b-— 

, Q ,q) is well developed and is for the most part typical on both sides. 
The sulcus F, placed rather far forward in the right hemisphere, is a 
good example of the solco inflesso of Lussana, or inflected fissure 
of E. A. Spitka [18] or s. precentralis mesialis. The ramus sagittalis 
posterior (zt) of the s. præcentralis superior is well developed in both 
hemispheres. 2 

The s. frontalis superior (I and H) is comparatively simple and 
shallow in the-right hemisphere as compared with the left, probably in 
association with the especially good nd ed of the mid-frontal 
system in the former hemisphere. 

. The s. frontalis mesialis is fairly well developed on both sides, rather - 
better on the left than on the right. 

The sulci g and qg* represent the s. DEREN medius `of some 
authors. The ramus horizontalis anterior of Eberstaller forms an 
important branch of this sulcus. l 

The p system of sulci (in part the s. frontalis medius) is unusually 
well developed on both sides. In the right hemisphere the anterior 
portions of this system form a typical s. fronto-marginalis, consisting of 
a stem and a mesial branch. There is also a lateral branch (fm), 
separated from. the stem by an annectant, but the mesial branch in thi 
instance, as is commonly but not invariably the case, is obviously 
direct continuation of the main stem. The stem and mesial branch w 
represent a sulcus identified by Bolk [8] with the s. rectus of lo 
apes. ) 

On the left side the — ( ig not quite so adstat The stem 
divides into & shorter mesial and a longer lateral branch, and it ig- 
not clear which. of these two is the direct continuation of the main: 
stem. 
The sulcus g'—in part the s. precentralis inferior—appears to 
be duplicated in the left hemisphere. The posterior of the two sulci 
superficially joins the N! sulcus, but a deep gyrus crosses the sulcus 
„almost opposite the lower end of the n sulcus. On the right side 
the q! sulcus is single but is somewhat unusual. It appears to be 
a lower portion of the s. prwcentralis inferior forming an aberrant 
though shallow connection with the n sulcus and with the m fossa 
by means of an intermediary sulcus N". 

The inferior frontal system of sulci r, r! is fairly typical in both 
hemispheres, but on the right side the different elements of the system 
are separate from each other, whilst on the left side they are joined. 
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The sybfrontal region—using the-term subfrontal according, to 
Brodmann’s [6] meaning—is on the whole comparatively small, and 
simply convoluted. The orbital (or inferior) operculum is well developed 
on both sides. On the right side the anterior limb of the fissure of 
Sylvius possesses two definite rami, R, R', enclosing between them 
a relatively moderate sized intermediate (or ae) operculum. - In 
the left hemisphere this operculum is decidedly small, as there is- only 
one well formed anterior limb of the Sylvian complex. The latter 
arrangement is probably more common on the right side than on 
the left. The superior operculum is somewhat defective, especially 
in the right hemisphere. The amount of exposure of the insula as 
seen in the photographs and drawings is no doubt exaggerated owing to 
the membranes having been stripped from the hemispheres’ before 
hardening. This would probably affect the position of the temporal 
more than that of the frontal opercula, and owing to a certain defect of 
the intermediate and superior frontal opercula it is probable that.in the- 
natural state there was some undue exposure of the insula. Zu 

"A sulcus diagonalis is not easy to identify with certainty in these. 

hemispheres. As Kohlbrugge [12] and [13] has suggested (and Bolk 
[3] agrees), a true s. diagonalis is part of the s. pracentralis inferior 
hich has become detached owing to the rising up of a gyrus inthe 
ths of the latter sulcus. The sulcus lettered A in both hemispheres 
his specimen may probably be regarded as a s. diagonalis owing to 
osition in front of the sulcus identified as the s. subcentralis anterior 
nd owing to the close proximity of its lower end to the anterior 
n ramus. 
À' remark may here be made concerning the sulcus arcuatus. 
ole [8] believes that the upper or horizontal limb of the arcuate 
sulcus of lower apes is often represented in the human brain by a 
part of the s. frontalis superior. According to this view the course 
of the s. arcuatus would probably be represented in this specimen 
on the right side by the sulci lettered g', the lower part of qg and Pe and 
on the left side by those marked q, q and I. 

The mesial surface. The marginal gyri and paracentral io bulan 
— This surface is comparatively simply convoluted in the right hemi- 
sphere. In the left fawly-well developed branches marked 25, 27, 
constituting the mesio-frontal intragyral sulcus of Mickle [15] or fissure 
fronto-marginalis of Spitka! [18], divide part of the marginal gyrus into 












| Sulcus gyri marginals would probably be a more appropriate name for this sulous than 
fissura fronto-marginalis, in order to avoid confusion with the sulcus fronto-marginalis. 
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two tiers. This sulcus on the right side is represented by the shallow , 
furrow marked 27, and possibly also by the furrow marked 46 which 
makes a shallow connection posteriorly with the branch of sulcus d 
marked 16. The sulcus appears often to be better developed in the left 
hemisphere than in the right in common with the more frequent dupli- 
cation in the former hemisphere of the anterior reaches of the s. cinguli. 

The sulcus L of Kohlbrugge (cephalic paracentral of Wilder, 
s. paracentralis vel preparacentralis) is not present in the: left 
hemisphere, and the branch of sulcus d marked 16 in the right is 
probably placed too far forward to represent the sulcus. Kohlbrugge 
regards the sulcus L as of little importance. 

The rostral sulci are long, simple and typically placed-in the right 
hemisphere, but in the left, if the sulcus, d 28, 42 is to be looked upon 
as & 8. cinguli superior, only one rostral sulcus is present. 

The left paracentral lobule is smaller than the right and is smooth. 
‘On the right side the lobule is scored by a long branched upturn of the 
8. cinguli. 

The orbital surface.— There is some tendency to keeling of -this 
surface in both hemispheres. 'The orbital sulcus shows the usual trans- 
verse and sagittal elements. The transverse element is of great lengtk 
on the right side, and its outer end passes over the superciliary borde 
for a considerable distance. The whole system, however, is much mc 
complex in the left hemisphere than in the right, the sagittal eleme 
being more numerous and more branched than is common in the foi 
hemisphere, and they tend to almost completely insulate DOPO ( 

: brain substance. 


Remarks on the Frontal Lobes. 


(1) The general size of these lobes is about normally propor- 
tionate to that of the remainder of the hemispheres. Hach hemisphere, 
however, is distinguished by the great breadth and complexity of its 
fronto-polar region in contrast to the condition of the subfrontal region 
which on both sides is partially defective and is relatively simple in 
pattern. There is now much eyidence, to mention only that brought 
forward by Flechsig [11], Bolton [4] and [5], and Brodmann [6],. to 
show that the latest regions of the frontal lobe to develop, both onto- 
genetically and phylogenetically, are the subfrontal and prefrontal.’ In 
the cerebral hemispheres of the insane it is common to find one or other, 


! 4.6., the prefontal in the meaning of Bolton and not in that of Brodmann. 
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or both, o$ these regions especially affected, either as a congenital defect, 
or as the result of loss due to cerebral wasting. In this particular 
‘specimen it is therefore of interest to note that whilst the prefrontal 
region is of great breath and is complex in pattern, the subfrontal 
is relatively defective and comparatively simply convoluted. 

(2) The main sulci are for the most part deep, much curved, 
and possess many secondary spurs. The development of the sulci 
has proceeded on fairly regular lines and, as we consider, in the 
direction of superiority. The only definite tendency to insulation of 
portions of the cortex has occurred in the right orbital region. This 
tendency to the formation of islands of cortex either by branching 
and re-uniting of primary sulci or owing to the presence of unusual 
sulci, is looked upon by Mickle [15] as a sign of aberrant formative 
activity. As regards the external surface of the frontal lobes the left. 
hemisphere appears to be slightly more complex in pattern’ than the 
right, although in places the latter is a little better convoluted than 
its fellow. With respect to the mesial and orbital surfaces of the lobes, 
the left side is decidedly superior to the right in convolutional ` 
complexity. 

(3) The good development of the external sagittally coursing sulci, 
specially of the sulcus frontalis medius, which on the left side in this 
ecimen is remarkably well formed for a left hemisphere, divides this. 
rt of each frontal lobe into four distinct, and for the most part, 
ad gyri. The superior of these is still further partially subdivided 
ranches of the sulcus frontalis mesialis which is also rather better 
eveloped on the left side than on the right. 

According to Kohlbrugge [13] this four tier type of external 
frontal conformation is the common arrangement for the brains of 
Australians. Mickle [15] states that, found in some criminals, lunatics 
and mental defectives, it has been said to indicate marked aberrancy, 
Benedikt indeed believing that it 1s & sign of grave reversion to the four 
tier type of certain lower animals. Mickle himself, however, argues that, 
at least in many instances, this four (and five) tier.type marks a higher 
than usual and not a lower brain formation, especially when due to 
division of the first frontal gyrus by unusual development of the 
s. frontalis mesialis. The same applies, although less convincingly, 
to the four tier form produced by marked development of the s. frontalis 
medius. The author quoted believes, contrary to Benedikt, that the 
latter is the more common arrangement, and this is in agreement with 
our own experience. The type thus formed has not infrequently been 
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‘Seen in the larger cerebral hemispheres obtained at the Rainhill Asylum, 
and these hemispheres have, as a rule, belonged to people of originally 
good intelligence. Mickle, after concluding that instead of degradation 
and reversion, the four tier form must indicate in many casés a rather 
high position in brain evolution, remarks that, “this is indeed com- 
patible with mental aberrancy, with unstable and labile mental 
activities, lively and powerful but not well directed—in a word, @ brain 
function'lacking in balance." 


The Panetal Lobes. 


The external surface.—The sulcus lettered M forms a fairly 2 
s. subcentralis posterwor in both hemispheres. : 

‘The sulcus post-centralis. On the right side a series of sulci a 0!) 
make an almost complete boundary to the post-central gyrus, ‘the 
annectants passing between this gyrus and- the parietal lobules being 
narrow and mostly rather deep. In the left hemisphere the several 
elements of the post-central sulcus are for the most part widely 
separated from each other by broad superficial annectants. The 
superior branch (o) in this hemisphere shows the common arrangement 
of a stem bifurcating at its upper end to embrace the extremity of the 
8. cinguli (d). The sulci marked 21 and 29 in the right and le 
hemispheres respectively appear to belong to the post-central syste 
‘so that the inferior division of this sulcus is seemingly duplicated 
both sides, as occasionally occurs. ‘The furrows marked 20, 24 and 
in the left hemisphere may perhaps be regarded as lateral branches o 
the s: post-centralis. The sulcus marked 20 on the left side: (and 
more doubtfully that marked 15, 15, on the right) might be looked 
upon by some as constituting a form of s. retrocentralis transversus 
of Eberstaller, although rather shallow for this sulcus and placed 
somewhat high up in the hemisphere. Whatever name ‘is given to 
this furrow there can be little doubt that, as Cole [8] has pointed out, & 
similar sulcus is of importance in the causation of the appearance of a 
large inferior Rolandic genu. Such a sulcus, as in this specimen, is 
usually better. marked in the left hemisphere than in the right, pre- 
sumably owing to the greater length of the posterior limb of the 
Sylvian complex in the former hemisphere. 

The sulcus interparietalis. On the right side this consists of two 
independent portions, an anterior and longer (/ which is joined to a 
furrow taken to represent the middle part of the post-central sulcus, 










THE BRAIN OF A MACROCEPHALIC EPILEPTIC 55 


* and a pdsterior and shorter (e), the pars occipitalis or paroccipital 
sulcus of Wilder. Behind the latter is a well marked s. occipitalis 
transversus of Ecker (m, m). The sulcus numbered 25 in front of 
the sulci e and m may perhaps be regarded as & duplication of one or 
other of these furrows such as sometimes occurs in complex brains. In ` 
the left hemisphere the anterior division of the s. interparietalis 1g in 
two separate parts (l, 1), the posterior of these being much shallower 
than the anterior. The posterior division of the sulcus e passes back- 
wards and then rapidly downwards and backwards to join a typical 
8. occipitalis transversus (m, m'). The branch marked 17 behind the 
latter may probably also be regarded as belonging to the m system. 

From the upper side of the s. interparietalis in both hemispheres 
springs & well marked branch, the vamus medialis primus (T). The 
ramus medialis secundus (e is short and deep, as is sometimes the 
case. It is typically placed on the left side, but is not so readily 
identified, on the right. 

From the under side of the / portion of the s. interparietalis in the 
right hemisphere arise three rami ventrales (v, v, v). The anterior 
of these is rather unusually well developed and forms a boundary 
between the supra-marginal and angular gyri. On the left side two 
ventral rami spring from the sulcus | and one from the sulcus e. The 
anterior of these in this hemisphere also is a long furrow. 

The other sulci of this region can be more conveniently dealt with 
hen considering the temporal lobes. 
The mesial surface of the parietal lobes. Right hemisphere —Whilst 
posterior third of the precuneus is almost smooth, the anterior two- 
ds are unusually complex. The lower sagittal division of the K 
tem of sulci (the’s. subparietalis) joins anteriorly the s. cinguli 
X fig. 2b). The suleus is much branched and cuts off the greater 
par of the precuneus from the gyrus cinguli. 
" "Above this sulcus are two more transversely directed furrows 
(K27 and 17) such as one may find in this region. These may be 
regarded as sulet precunet. The upper part of the anterior of the two 
sulci we think, however, forms a furrow which sometimes runs into or 
becomes a sulcus parietalis superior of Retzius. Reference is again 
made to this sulcus on p. 60. 

Left hemisphere—"The precuneus is more simply and uniformly 
convoluted than on the right side. The branches of the K system 
are quite independent of each other and of other sulei. The two 
lower of these form a sulcus subparietalis, but broad annectants pass 
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between the precuneus and gyrus cinguli. The remarks Made con- ' 
cerning the sulei K 27 and 17 of the right hemisphere apply also to the 
sulcı marked K 33 and 25 (for sulcus 25 see fig. 40) in this hemisphere. 


The Temporal Lobes. 


The superior surface.—On the right side one very long anterior 
‘transverse gyrus of Heschl is separated from two smaller posterior gyri 
by a deep sulcus, the outer part of which cuts into the greater part of 
the breadth of the first temporal gyrus. In the left hemisphere there 
are only two transverse gyrı of Heschl, a long anterior gyrus separated 
from a shorter posterior one by a sulcus which indents the edge of the 
lobe. 

The lateral and inferior surfaces. Right hemisphere. The sulcus 
temporalis superior, a.—This consists of two separate parts. The 
anterior of these is placed relatively unduly close to the edge of the 
lobe and is deflected in the hinder part of its course towards the 
‘Sylvian fossa, so that the anterior part of the first temporal gyrus is 
narrow. Occasionally this deflection of part of the superior temporal 
sulcus is complete, the branch turning right into the Sylvian depths. 
Such complete deflection, when present, appears to be much commoner 
on the left side than on the right. It is regarded by Mickle [15] asa 
departure from the usual, which, other things being equal, is in th 
direction of increased formative activity, and, although a deviation fro 
type, is yet not necessarily a sign of inferiority. But there are oth 
considerations which lead one to suppose that the condition 
sometimes mean the persistence of an occasional footal tendency. 

The posterior division of the sulcus ıs deep, and along its co! 
several broad, deep annectants occur. It inclines away from the, ‚line 
of the Sylvian fossa, giving great breadth to the hinder part of the first 
temporal gyrus. This part of the sulcus sends off spurs upwards and. 
downwards, and ends posteriorly in a bifurcation, forming a long anterior 
ascending limb (a?) and a shorter posterior branch (a). The anterior 
branch, a°, would probably be identified by Elliot Smith [10], and also by 
Kükenthal and Ziehen,! as the sulcus gyri angularis, although Zucker- 
kandl [25] (and also Bolk [3] for the gorilla) would regard the posterior 
branch a! as representing this suleus. Kohlbrugge [12] and [13] does 
not name a determined furrow a sulcus gyri angularis. The reasons 









1 We have been unable to obtain access to Kükenthal and Ziehen’s original work, and 
are only|acquainted with their views in so far as they are discussed by the authors quoted. 
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' for the idéntification of the anterior branch as the sulcus gyri angularis 
are, as Dr. Cole suggests, that ıt is the original continuation of the 
main part of the sulcus temporalis superior, and that it is found in 
the older cortex (in which the sulcus first appears) common both to 
apes and man, whereas the posterior branch is situated im, or near 
to, the newer cortex further back. As is well known, modern 
histological research has thrown much light on the order of develop- 
ment of the inferior parietal lobule, and the point above alluded to is 
but another illustration of the fact that the identification of sulci on 
the ground of mere topical considerations is apt to be fallacious. 
The horizontally directed branches marked 12, a’, and 15 may 
perhaps be regarded as forming a s. pamieto-temporalis of Elhot Smith, 
partially separating the inferior parietal lobule from the temporal lobe. 
The sulci temporalis medius (0 and inferior (f). The different 
divisions of these sulci have a fairly typical disposition, and are mostly 
separate from each other, although some of the posterior branches of the 
sulcus f! join to almost entirely insulate a considerable area of smooth 
cortex. In the more simply convoluted human brains the s. temporalis 
inferior Js often closely associated with the s. collateralis—an indication 
of a reverting tendency. In this hemisphere these furrows are widely 
separated. ‘I'he sulci of the lingual lobule are simple and shallow. 
The sulcus marked b (also 19) appears to forma s. ocesprtales inferior 
Wernicke and Elliot Smith. : . 
The s. temporalis transversus of Retzius, which commonly forms 
irly definite boundary to a distinct histological area (area temporo- 
is (88) of Brodmann and of Elliot Smith), is represented by a 
‘lor transverse branch ‘of the anterior segment of the s. temporalis 








" The lateral and inferior surfaces. Left hemisphere. The sulcus 
temporalis superior, a.—-T'his sulcus is complex and is made up of 
several irregular branches, but the first temporal gyrus is of more uniform 
width than in the right hemisphere. The part of the sulcus behind and 
below the posterior Sylvian termination is broken up and is unusually 
shallow. Hereabouts also it joins with other furrows to almost entirely 
insulate a slightly depressed area of cortex. Behind this shallow split-up 
portion the sulcus divides into two terminal rami. The anterior of those 
a? may probably be looked upón as a sulcus gyri angularis. This sulcus 
is shallower than ıs the corresponding one of the right side, but it 
is longer and reaches to within about 20 mm. of the superior border of 
the hemisphere. The horizontal portion of the sulcus marked a! forms 
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together with the sulci lettered b, b a very typical s. parteto-temporalis « 
of Elliot Smith, although the latter elements (b, b) may be regarded as 

a s. occipitalis lateralis of Eberstaller. The K shaped sulcus marked 
a' 9, immediately above the posterior ascending terminal ramus a’, 
appears to form a s. occipitalis anterior of Wernicke. _ 

The sulci. temporalis medius (i) and inferior (f). The branches 
of these sulci are fairly typically distributed, but are very numerous. 
Many are separate the one from the other, and are much forked and 
spurred, rendering on the whole the lateral and inferior aspects of the 
lobe markedly complex in pattern. One of the branches of the sulcus fl 
almost joins.the s. collaterals. The s. temporalis transversus, appar- 
ently composed of transversely directed branches of the superior and 
middle temporal sulci, is more irregular than is the corresponding sulcus 
of the right hemisphere. The deep sulcus marked f! (also 45) is appar- 
ently a s. occipitalis inferior of Wernicke and Elliot Smith. 


The Occiprtal Lobes. 


The external surface.—The furrows of the mesial aspect of these 
lobes are fairly typical in distribution, but the arrangement of the sulci on 
the external surface of the lobes in this specimen, as is not infrequently 
the case, is not easily reconciled with any of the recognized description 
of the sulci of this region. Dr. Kohlbrugge has been kind enoug 
to letter the sulci of this region in these hemispheres according 
the system used by him, and he has made the following obs 
vations:— 

In every large brain a duplication of sulci may be seen, espe 
in the parietal and occipital regions. The sulcus 6 (which we 
referred to as forming a s. occipitalis lateralis of Eberstaller) may 
be doubled in one or both sides. In this specimen the sulcus is tripled in 
éach hemisphere. If the sulcus 5 is doubled the sulcus z is likely 
io be duplicated also, as in the right hemisphere in this case, the lower 
branch probably belonging to the i’system (s. temporalis medius). In 
the left hemisphere this sulcus appears to be like a duplication of 
sulcus 6. The sulcus z is also double and united with the b sulci in 
both hemispheres. The sulcus « is single on the right side but 
duplicated on the left." No sulcus which has the typical direction of 
a 8. paramestalis is present in either hemisphere. 









Remarks on the Parietal, Temporal and Occipital Lobes. 


The general size of the parietal and temporal lobes of both hemi- 
spheres appears to be about normally proportionate to that of the 


THE BRAIN OF A MACROCEPHALIC EPILEPTIC ^ 59 


* remainderof the hemispheres. The lateral surface of the occipital lobes, 
however, strike us as being relatively somewhat small in both hemispheres, 
although the latter well covered the cerebellum in the natural state. 
This relative smallness of the occipital lobes is by some regarded as 
an indication of good cerebral development, although, on the other 
hand, relative defect in size of these lobes is not infrequently seen 
in inferior brains. 

The parietal lobes.—'lhe post-central gyrus, especially in its upper 
and middle parts, is rather broader on the left side than on the right, and 
is more split up by cross sulci. This, however, is a common and 
presumably normal difference between the two hemispheres. 

Owing to the different position in the two hemispheres of the 
component parts of the sulcus interparietalis and of the Sylvian fossa, 
there are certain differences on the two sides in the. shape, and to 
some extent in the size of the superior, parietal lobule and of the 
several parts of the inferior parietal lobule. But these differences are 
usual ones and doubtless quite within normal limits. Thus, whilst the 
supramarginal and angular gyri cover much the same extent of surface 
in the two bemispheres, on the right side the portion ofthe former gyrus 
in front of the posterior ascending Sylvian ramus is much narrower than 
is this portion in the left hemisphere, but the deficiency in this direction 
3 mostly compensated for by an increase in height. The reverse 

‘plies, though to a less extent, to the angular. gyrus, i:e., what 
^s gyrus lacks in height in the right hemisphere is compensated 
by increase in breadth. The post-parietal gyrus of the right 
“phere is distinctly larger in every direction than that of the 
The superior parietal lobule is of a very uniform breadth on 
_..-ght side, but on the left lobule is broader: in front and 
narrower behind as un with its fellow .of the opposite 
hemisphere. 

. -It is of interest from the gvaton apace to note that fie 
Per part of the inferior parietal lobule—a region of the human 
brain which, according to Flechsig [11], is very laté to myelinate, 
and which is relatively small in apes—is exceedingly well developed 
as regards size and complexity in both hemispheres, . but Dr 80 
in the right. 

The hinder part of the superior parietallobule and of the precuneus 
appears to be large as compared with the fore part, particularly on the 
right side. This is also of developmental interest. As Cole [87 .has 
pointed out, “ the sulcus parietalis superior probably marks the boundary 
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between an area of earlier myelination in front and an are& of later e 
‘myelination behind. The area in front is a region which attains a high 
degree of development in the gorille.” In this specimen the anterior 
and superior sulci of the K system (K27 on the right side and K33 on 
the left) are probably. the furrows partly separating these two areas, 
which, ,according to Flechsig [11], myelinate at different dates, as 
probably also they do the area partetalis superior B from the same 
named area A of Elliot Smith, regions which this observer [10] believes 
to be structurally distinct. In these hemispheres the region behind the 
sulci just referred to is of large size as compared with the region in front. 

As regards their convolutional pattern the parietal lobes in general 
may be said to be markedly complex, and the sulci are for the most part. 
developed on regular lines. “Secondary spurs are numerous and many of ` 
the, sulci are much curved, but some, especially of the inferior lobules, 
are relatively rather shallow. Attention has already been directed to- 
the apparent duplication of certain sulci, particularly in the right hemi- 
sphere; in fact the latter hemisphere appears, on the whole, to be more 
complex than its fellow. 

Duplication of the ordinary furrows Mickle [15] appears to regard 
as abnormal, as being indeed a perversion of developmental activity 
excessive in degree, but lower in kind or grade, ill-directed and aberrant, 
But it seems to us that if this duplication has occurred in a regula 
manner—as in most places in this specimen—it should be looked upc 
rather as a sign of superiority, especially as it is apt to occur in 
hemispheres of'& highly complex convolutional pattern. | 

The tendency to separateness of the different elements of the 
‘central and interparietal systems of sulci, especially on the lef 
might be regarded by some as an indication of under persiste 
foetal characters owing to developmental failure, but judged by the 
context, ı.e., by the complexity of the hemispheres generally, we 
consider that this should more probably be looked upon as a sign of 
increased formative activity in the direction of superiority. 

In neither hemisphere is there any tendency to the formation of 
what Mickle [15] has termed a reversed occipital or posterior parietal 
operculum.  'lhis'author regards such an appearance as a manifestation 
of over-activity on the part of the parietal with some relative defect of 
activity of the occipital region. The absence of such a formation in 
this specimen can probably be accounted for by the fact that the, 
developmental activity of the occipital lobes, judging by the duplication 
of many of the sulci of their outer surface, has been as great, or almost 
as great, as that of the parietal. ' 
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v e The Temporal Lobes. 


These appear to call for little comment. The different sulci are on 
the whole well developed, so that the several gyri are fawly distinctly 
marked off from each other. The left temporal lobe is decidedly more 
complex in pattern than the right, secondary spurs and forkings of the 
sulci being more numerous in the former hemisphere. This difference 
between the temporal lobes of the two hemispheres of the same brain 
is probably not uncommon. 

The somewhat aberrant direction taken by the first part of the 
8. temporalis superior in the right hemisphere has already been 
mentioned. 

There is an even more marked tendency to separateness of the 
different elements of the sulci of the temporal lobes than of the parietal 
lobes, and we think that the interpretation which was placed upon this 
in the instance of the latter lobes applies also to the former. At the 
same time we consider that there is greater irregularity and aberrancy 
of the sulci in the temporal regions, on the whole, particularly on the 
left side—as shown by the numerous spurs, forkings and tendency to 
insulation of areas of cortex—than occurs in any other part of the 
hemispheres. l 

The external parieto-occipital annectant gyri.—There is no clearly 

ecognizable sulcus lunatus of Ellıot Smith in either hemisphere, and 
lci which may be regarded as homologous with an “ affenspalte " are 
cult to identify. In the left hemisphere, however, it may perhaps 
said that the sulcus marked 17 and the anterior part of sulcus 
ar a similar relationship to the s. occipitalis transversus to that 
the ''affenspalte " bears to this sulcus. 
n the left side the course of the external parieto-occipital annectant 
gyri can be traced with some definiteness. The first annectant passes 
round) the extremities of the ascending limb (m!) of the s. occipitalis 
transversus and of the parieto-occipital fossa, and is bounded anteriorly 
by a short processus acuminis (e!) and by the dorsal continuation of one 
‚of the precuneal sulci. The second annectant, superficial and of con- 
siderable size, forms a loop round the end of the descending hmb (m) 
of the s. oecipitalis transversus, and is bounded in front by branch of 
the sulcus identified as the s. occipitalis anterior of Wernicke (a! 9). 
The third annectant passes across and around the anterior end of the 
8. occipitalis lateralis of Eberstaller (6) and is bounded anteriorly by 
branches of the superior and middle temporal sulci. 

In the right hemisphere the course of the parieto-occipital 
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annectants is difficult to follow with any degree of certaintyeexcepting , 
that of the first which is a broad irregular gyrus passing round the 
extremity of the upper branch of the s. occipitalis transversus (m). 
But this gyrus is broken up by branches of the parieto-occipital complex 
and by sulci of the superior parietal lobule. 

Zuckerkandl [25] has traced the course of the parieto-occipital 
annectant gyri in apes with much plausibility, but the attempt to identify 
these annectants in the human brain in every instance appears to us 
apt to lead to confusion. It seems by no means always clear which is 
which. In our experience the course of these annectants can not 
infrequently be more readily followed on the left side than on the 
right. 

The 4nsula ; concealed areas of the frontal and parietal lobes. 
The limbic and olfactory lobes—These parts, so far as can be seen 
without damage to the specimen, are, in both hemispheres, normally 
developed,: have & size proportionate to that of the rest of the 
hemispheres, and show a convolutional pattern of at least average 
complexity. 









SUMMARY AND GENERAL REMARKS. 


(1) The cerebral hemispheres are of good general shape, and the 
different lobes of each hemisphere appear to bear about a normal pro 
portion to one another, excepting that the occipital lobes are relativel 
somewhat small. The subfrontal region on each side is also rath 
small and simply convoluted, but the deficiency, of this region 
relative only. 

(2) The convolutional pattern of the hisce: as a who 
exceedingly complex, and in the distribution of the several sùlci 
beyond the following has been detected which can be regarded as 
definite marks of inferiority. ‚The right sulcus collateralis may be said 
to be defectively developed, and some signs of reversion or aberrancy 
are shown by the calcarine sulci, and perhaps by the right sulcus 
cinguli. There are tendencies to insulation of areas of cortex in the 
right orbital region and in the temporal regions; also to irregularity 
and aberrancy of the sulci in the latter regions, particularly on the left 
side. Some indications of defective formation or aberrancy of sulci, 
however, are to be found, we believe, in almost every human hemi- 
sphere, no matter how good the development in general may be. The 
duplication and triplication of the sulci such as occurs, especially in the 
occipital and parietal lobes in this specimen, we prefer to regard, for the 
reasons given, as departures in the direction of superiority. 
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(3 Many of the sulci are much curved, and on the whole they 
certainly exceed the average normal in depth, whilst having a depth 
which, for the most part, is normally proportionate to each other. In 
places, however, the sulci are somewhat shallow; e.g., some of the 
furrows of the left inferior parietal lobule, & portion of the left sulcus 
interparietalis, and the posterior part of the stem of the left sulcus. 
temporalis superior. 

(4) Certain differences exist in the convolutional pattern of the two 
hemispheres. ‘These have been fully detailed in the foregoing pages, 
and we consider that in most instances they are only such as are very 
commonly found between two hemispheres of the same brain, and that _ 
probably they can be regarded as normal differences. 


Part JI.—MrIcrRoscopicaL EXAMINATION. 


The method of hardening the hemispheres employed and the reasons. 
for this have already been stated. As it was desired to preserve one of 
the hemispheres as an almost complete museum specimen, the majority 
of the blocks for microscopical purposes were removed from the left. 
1emisphere. . 

Sections, cut in paraffin, from the various regions were » stained, ‘after 
ssl’s method, with polychrome blue or thionin, and also for showing 
d-vessels and neuroglia by the Heidenhain iron-hematoxylın 
od, followed by counter staining with eosin. The latter method 
to stain normal neuroglia fibrils—which is often an advantage— 
giving an adequate display of all actively proliferating and 
al neuroglia. 
all thirty-seven blocks were examined from the two cerebral 
hemfsrheres, twenty-nine from the left and eight from the right. It. 
is unnecessary to detail the regions from which these . blocks were 
removed, for the exact site of most of them is marked on the drawings 
(figs. 7 and 8) by a dotted line, against which a number is placed 
indicating the type of cortex found in the different situations. The 
numerals correspond to those used by Brodmann [6] in his map of the 
distribution of the histological areas of the human cerebral cortex. 

The microscopical findings in this case are of interest from two. 
separate points of view. Firstly, as an example. of unusually large 
cerebral hemispheres, and secondly, as a case of epilepsy. From the 
latter aspect, the appearances which other observers, and particularly 
Turner [21], consider to be characteristic of epilepsy were carefully- 
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Pia. 7.—In this and the following figure the site of each of the blocks removed fo 
microscopical examination is indicated by a dotted line. The numerals placed agai 
“these lines refer to the type of cortex found in the different situations, and correspond 
those used by Brodmann for this purpose. 
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dooked for d'tring the examination of the sections. Allusion will be made 
to these in the course of the description which will be given under the 
following headings :— 
(1) Types of cortex and their distribution. 
(2 Structure of the cortex. 
(3) Pathological changes. 
(a) The meninges. 
(6) The nerve-cells. 
(c) Ghosis and atrophy. 
(d) The blood-vessels—(i) structural alteration; (i) perivascular 
and pericellular elements ;. (iii) congestion; (iv) intra- and 
extra-vascular clotting. 


(1) Types of Cortex and their Distribution. 


The different types of cortex found in all the regions from which 
blocks were cut are readily recognizable as usual to those regions, and 
in harmony with Brodmann’s map of the distribution of the cortical 
fields of the human cerebral hemisphere, so that it may be said that 
the distribution of the different types of cortex in this specimen is 
ormal, in at least so far as the hemispheres have been examined. 














(2) Structure of the Cortez. 


regards its structure, the cortex of all the areas examined 
rs to be almost, if not quite, normal. The several lamin® of the 
, 80 far as can be judged without micrometric measurement, are 
d depth, and the individual nerve-cells are for the most part well 
No cells were found in any region which could with certainty 
ibed as under-developed, cells such as are commonly seen in 
cases of, idiocy and imbecility. In the inferior parietal and middle 
temporal’ regions, however, the majority of the cells, particularly the 
smaller and medium-sized ones of the pyramidal layer, and many of 
those of the polymorphic layer, are somewhat globular or flask-shaped. 
As, however, degenerative change in the nerve-cells of those regions is 
considerable, it is impossible to state confidently that the shape of the 
cells, as above described, is due to congenital defect, and not to patho- 
logical alteration. At the same time it may be mentioned that, in our 
experience, under-developed cells are not infrequently met with in the 
brains of the insane in the inferior parietal and middle temporal regions, 
particularly in the latter. 


The persistence of nerve-cells in the molecular layer, as seen by the 
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ordinary staining methods and the presence of subcorticalenerve-cells, , 
are conditions usually regarded as stigmata of defective nervous develop- 

ment. In this case the only situation in which definite nerve-cells can 

be .recognized in the molecular layer—and they are few in number—is 

the para-insular region, and the only one in which subcortical nerve-cells 

are present in any considerable quantity is in the anterior part of the 

area frontalis granularis. ' 

The nerve-fibres, even by such an imperfect method for their 
display as that of the iron-hamatoxylin method of Heidenhain, are 
seen in abundance, and, excepting where associated with areas of local 
atrophy, they have an apparently normal appearance. In particular, it 
may be stated that the tangential fibres of the molecular layer exist in 
great numbers, especially in those regions such as the central gyri and 
parts of the occipital lobe where normally their presence is readily 
demonstrable. 












(8) Pathological Changes. 


(a) The meninges.—Owing to the membranes having been stripped 
before the blocks were removed, only small portions of these can be 
seen along the sulci in some of the sections. When present, th 
meninges show considerable congestion, some fibroid thickening, 
small-cell infiltration, but no hemorrhages. A small amount of am 
phous epicerebral exudate was found below the pia in one section 
the left occipital region. 

(b) The nerve-cells.—The nerve-cells chow more or less m 
degenerative changes, chiefly of a chronic nature, in the majority 
regions examined. With the exception of the Betz-cells of t 
central gyrus and the cells of the cornu ammonis, to which 
reference will be made later, the cells most affected are the smaller, and 
to a less extent the medium-sized cells of the pyramidal lamina, although 
in places many of the cells of the polymorphic lamina are swollen 
and vacuolated. Nowhere, however, is any great loss of cells apparent 
excepting in a focus of atrophy in the post-central gyrus. The 
changes just mentioned, although not anywhere very marked, are 
most prominent in the following regions: the mid-frontal gyrus (area 
frontalis granularis) ; the inferior frontal (area opercularis) ; the middle 
and inferior temporal areas. ‘hey are next most marked in the pre- 
frontal region (area fronto-polaris) ; the inferior frontal (area triangu- 
laris), and remainder of the frontal lobe examined including the pre- 
central gyrus, and in the inferior parietal area. ‘They are least evident 
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sin the various parts of the occipital lobe, in the post-central gyrus, in 
the gyrus of Heschl and superior temporal area, and in the para-insular 
and ectorhinal areas; in fact, the nerve-cells in many sections from the 
several last-named regions may be described as almost normal in 
appearance. It is of importance to note that in all parts where the 
nerve-cell changes are most marked, these changes are generalized rather 
than focal in nature, excepting in the area of atrophy of the post-central 
gyrus, to which allusion has been made. In certain parts where spaces 
exist between the nerve-cells, which might possibly be mistaken for areas 
of loss of nerve-cells, such spaces are normal to the type of cortex 
found in this particular region. 

The Betz-cells—These in all parts of the precentral gyrus examined 
are affected, and more so than the cells of the other lamine of this 
region. Few, if any, of the hundreds of cells examined can be said to be 
normal; all show, at least, some chromatolysis, and great numbers of 
them have reached an advanced stage of degeneration. Many of the 
cells are swollen, whilst others are shrunken and are deficient in 
processes. Some cells stain deeply and diffusely, so that no definite 
hromophile elements can be distinguished. In the majority of the 
ells, however, the stainable substance is very deficient; the chroma- 
lysis is sometimes diffuse or central, but in most cells it is of the 
nal type. The nucleus of the cell is in some instances swollen, 
more often it is shrunken; frequently it is displaced, and in many 
artially extruded. In view of the fact that the patient suffered 
pilepsy, it is of interest to specially note that the affection of the 
ells is much greater than is that of the homonymous solitary cells 
nert, in other regions which are for the most part practically 
In appearance. 

(c) Gliosis and atrophy.—Sclerosis of the outer layer of the cortex 
is regarded by Bleuler [2] as characteristic of epilepsy, and in fact as 
an essential factor in the pathology of the disease. In this case a small 
amount of subpial neuroglial felting, forming a thin surface rim, is 
present in all the regions of the cortex examined, being most evident 
in the cornu ammonisand neighbouring subicular region, in the gyrus of 
Heschl, and in the para-insular region. In some parts also a few—usually 
a very few—proliferating glia-cells can be seen in the zonal layer. At 
no other level of the cortex, and in no part of the white matter in any 
region of the neopallium examined is there any definite proliferation 
of neuroglia, unless the moderate increase of ‘the elements described 
below as “ perivascular ” and '' pericellular " can be so regarded. 
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Turner [21] states that in none of his cases of epilepsy whs the glial ° 
increase congiderable—not indeed greater than is usual in cases of chronic 
insanity—and, if the cornu ammonis and gyrus dentatus be excluded, the 
same may be said with regard to this specimen. 

The cornu ammonis.—Sclerosis of the cornu ammonis is regarded by 
many as highly characteristic of epilepsy (Worcester [24], Turner [21 ]). 
Turner found this condition in 48 per cent. of his cases, and he states 
that the microscropical appearances are chiefly of a negative character. 
“There is no increase of glia, the nerve-cells are few in number, and 
those present are generally degenerated, the vessels he in wide lymph : 
spaces and are collapsed and atrophied, or may have undergone hyaline 
degeneration. Small hemorrhages are generally found in the cortex." 

In this case the cornu ammonis appeared to the naked. eye to be 
normal in both hemispheres. Only that of the left side was examined 
microscopically, and in this a very definite lesion was found, which, how- 
ever, differed in appearance from that described by Turner [21]. In the 
cornu ammonis, gyrus dentatus, and to a less extent in the subiculum, 
there is below the condensed surface rim of glia already alluded to a 
marked generalized proliferation of glia near the surface and extending 
to a considerable depth, but there are no surface granulations. 
addition to this, but separated from the more superficially proliferatin 
glia is & deeper and extensive area of gliosis involving the greater part 
the cornu ammonis and gyrus dentatus. In this area glia-cells are 8 
in all stages of formation. Most of them are giant cells, some wi 
large amount of lightly staining cytoplasm and with process 
various stages of condensation, others with a little darkly st 
cytoplasm and numerous darkly staming processes. The gli 
are massed chiefly around the blood-vessels and many proces 
seen passing from them to the latter. The area appears to hav started 
from several distinct foci. "The nerve-cells of the stratum granulosum 
and stratum pyramidalium are in abundance, and although many 
of these are degenerated, they do not appear to have suffered any. 
actual loss. The blood-vessels are not collapsed but well fill the lymph 
spaces, which are nowhere dilated. The vessel walls show only a 
moderate amount of hyaline degeneration and thickening. There is 
much congestion of the vessels, but there are no signs of intravascular . 
clotting and no hsmorrhages. The condition is a definite gliosis, 
possibly following minute softenings, but of the latter there is no present 
evidence. 

Several small areas of atrophy with little or no active gliosis are 
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. present. “The largest of these is in the post-central gyrus near the 
top. Ib is an irregular wedge-shaped area involving all the lamine 
of the cortex down to and including the granule layer. The atrophic 
patch contains a few scattered and stunted nerve-cells, and the 
lamination on either side of it is much disturbed, but there is little 
glial or vascular proliferation. Another area of atrophy was found 
in the precentral gyrus near the top. This is situated in the white 
matter and shows spaces crossed by swollen and varicose nerve-fibres. 
Other small areas of apparent atrophy without gliosis are seen in the 
white matter of the post-central gyrus, mid-temporal and prefrontal 
regions, but most of these are so minute that the possibility of their 
being artefacts cannot be altogether excluded. 

(d) The blood vessels—() Structural alteration—There are no 
signs of endarteritis and the capillaries are practically normal. The 
only distinct change is some thickening and hyaline degeneration of the 
(microscopically) larger vessels. This varies considerably in different 
regions; it is usually slight and nowhere very marked. The vessels of 
the inferior parietal region are more affected than those elsewhere, not 
even excepting the cornu ammonis, and those of the right prefrontal 
'egion are rather more involved than those of the left. 

(ii) Perwascular and pericellular elements.—The small perivascular 
ements are in general moderately increased ın number. They adhere 
the distal wall of the lymph spaces and are of various forms and 
ing reaction. Some appear to be lymphocytes and others, showing 
s of cytoplasm, are probably neuroglia-cells, and possibly, as Turner 
believes, mesoglia-cells of Ford Robertson. These elements are 
umerous about the medium-sized vessels of the white matter and 
'ominent about the capillaries. There are no plasma-cells. The 
pericellular elements appear to be of a nature similar to the perivascular, 
and whilst nowhere very numerous, are most conspicuous in those 
regions showing the greatest amount of degeneration of the nerve-cells. 

(ui) Congestion.—The veins and capillaries are intensely congested in 

most of the regions examined, but least so in the occipital region. The 

| capillaries, owing to their engorgement, seem more numerous than normal. 

The distended veins, for the most part, completely fill the lymph spaces, 

but no varicosity was noticed. One or two minute capilary hemor- 
rhages were found in one block from the precentral gyrus. 

(iv) Intravascular and extravascular. clots.—In view of the important 

róle which Turner [21] believes these clots to play in the causation of 

epilepsy, they were looked for with special care. Turner's thesis is that 
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“ epilepsy is & disease occurring in persons with a defect of fhe nervous: 
system, either congenital or involutional, in whom also there is an , 
abnormal state of the blood, characterized by a special tendency to clot- 
ting; and that the fits . . . owe their exciting cause to sudden stasis of the 
blood-stream in some (generally limited) portion of the cortex, resulting 
from the blocking of cerebral cortical vessels by these aforementioned 
intravascular clots.” 

Clots having features similar to those described by Turner as 
occurring with such frequency in epilepsy, and which he believes to be 
the result of a vital process, were found in some vessels in many of the 
regions examined. No fibrin formation was seen in any of the vessels, 
the clots taking the form either of minute round deeply staining 
granules or of larger, more or less spherical, hyaline bodies, or again of 
a finely granular fainter staining débris, sometimes immediately outside 
the vessels. The thrombosis, however, as seen by the staining methods 
used, was not anywhere very marked. In a given section from many of 
the regions perhaps only one or two vessels showed any evidence of 
intra- or extra-vascular clotting, and often this was slight. No thrombi 
at all were seen in or around the vessels in sections from the following 
regions; three out of five blocks from the left prefrontal region, th 
block from the anterior part of the area frontalis granularis, that fro 
the upper part of the post-central region and all the blocks, excepti 
one, from the occipital and pre-occipital regions of both hemisphe 
The clotting is slight but distinctly evident in all sections from 
parietal and temporal regions excepting the middle tem 
where it is a fairly prominent feature. The vessels showin 
greatest amount of clotting are, on the whole, those of the pre 
gyrus, but even here much variability exists in different parts 
thrombi are more numerous in the vessels of the white matter than in 
those of the grey. On reference to the account of the regional Aena 
tion of the nerve-cell degeneration (see pp. 66, 67), it will be observed 
that there is no constant relationship between the severity of such degen- 
eration and the amount of intravascular clotting as seen in the sections. 















SUMMARY OF THE MICROSCOPICAL APPEARANCES AND REMARKS. 


(1) The presence of & considerable number of subcortical nerve-cells 
in the anterior part of the area frontalis granularis, and of a few nerve- 
cells (seen by ordinary staining methods) in the zonal layer of the 
para-insular region, together with the somewhat more doubtful existence 
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„of under-developed nerve-cells in the inferior parietal and mid-temporal 
regions, are the only evidences found of defective nervous development. 

(2) Otherwise the cerebral hemispheres, so far as examined, appear 
in every way to be normally constituted, and their great size and weight 
cannot be accounted for by the very slight increase in neuroglia and 
thickening of the vessels which existed. 

(8) Certain abnormalities were found, however, which are obviously 
the result of pathological change. 

(a) The lesion of the Betz-cells is remarkable in that almost all the 
cells examined are more or less profoundly affected, in great contrast to 
the condition of the great majority of the homonymous solitary cells of 
Meynert in other regions. The presence of an immature form of Betz- 

cell, characterized by its similarity to that seen in an early stage of 
axonal degeneration, is regarded by Turner [21] as an expression of con- 
genital defect of the nervous system, which is of primary importance in 
the etiology of epilepsy. In our experience Betz-cells, either of an 
axonal type or otherwise congenitally defective, are almost constantly 
ound in the precentral gyrus of idiots and low grade imbeciles, whether 
he patients have suffered from epilepsy or not. But it may well be 
t in this case, and probably in other cases of epilepsy occurring 
subjects whose brains are apparently not at all, or only slightly, 
genitally defective, the appearances seen in the Betz-cells are of a 
nerative nature, the result of prolonged exhaustion occasioned by 
pileptic discharges. One of us at least (J. W.) inclines to the 
that the fons et origo of epilepsy must be sought for in the 
ility, and consequent loss of control, on the part of the higher 
ervous arrangements rather than in the congenital defect of 
etz-cella themselves. 

(b) Other morbid changes, particularly in cerfain areas, and affecting 
‘especially the smaller and medium-sized cells of the pyramidal layer, are 
present, but: these appear, for the most part, to be the expression of a ' 
generalized degeneration process rather than focal lesions due to local 
vascular occlusion. A certain number of limited areas of atrophy, 
however, do exist—one in the grey matter of the post-central gyrus 
and others in the white matter of various parts—but these, although of 
interest as local changes, are not numerous, considering the number of 
sections examined, and as compared with their frequency in the cases of 
epilepsy described by Turner [21]. 

(c) Apart from the area of pronounced gliosis found in the cornu 
ammonis the amount of glia proliferation is not Ene than that 
commonly seen in cases of chronic insanity. 
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(d) Evidences of intravascular and extravascular clétting exist, 
in many of the regions examined, but no definite correlation between 
the extent of this and the amount of neuronic degeneration could 
be determined. 


Part I.. GENERAL REMARKS AND CONCLUSIONS. 


The pathology of hypertrophy of the brain appears to be very 
imperfectly understood, and there seems to be httle object in discussing 
the matter fully here, as in this’ case nothing has been found which 
throws light on the subject. 

Cases of so-called cerebral hyperplasia may be divided into at ER 
two distinct classes, unilateral or localised and general. 

Apparently four cases of hyperplasia of one cerebral hemisphere 
have been recorded, notably one by Douglas Webster [28], who gives 
an account of the literature of the subject generally, and to whose paper 
we are indebted for some of the following particulars :— 

In Webster’s case there was also umlateral hypertrophy of the bod 
and an acromegalic condition of the feet. Numerous glia-cells wer 
found in the left insular region of the brain, one of the special 
hypertrophied parts, and the left cerebral hemisphere was as a wh 
more richly vascularised than the right. 

In & case reported by J. Batty Tuke [20] there was co-exi 
atrophy of the left side of the body and considerable glial inc 
especially in the left occipital lobe of the brain. 

Our case falls into a different category and appears more clo 
resemble an instance of general hypertrophy of the brain, reco 
Anton [1], in which few or no pathological changes were fo 
from those usually associated with epilepsy. 

Various conditions have been assigned & causal relation tof the cases 
of cerebral hyperplasia reported. Amongst these the following appear 
to be the most important, although trauma, lead-poisoning, enteric fever 
and rickets have also been discussed. 

Heredity, as in van Walsem’s | 22] case of an epileptic idiot, aged 21, 
who had two macrocephalic brothers. 

Hydrocephalus: an acute hydrocephalus is pM a8 & possible 
cause of the hypertrophy in Tuke’s case. 

Disturbances of internal secretion: Anton [1] discusses the relation- 
ship of the adrenals to cerebral malformation, but these organs, examined 
-microscopically in Webster's case, appeared to be normal, as also was 
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the hypéphysis cerebri, except for some increase of the chromophile 
cells. 

Hypersmia: Webster [23] suggests as a more probable cause in his 
case vasomotor disturbance of one side of the body, particularly of the 
internal carotid artery and its branches. 

Cases ‚of very pronounced macrocephaly are of such comparative 
rarity that we think the record of our case may prove of interest even 
though the origin of the matter still remains obscure. None of the : 
conditions which have assigned a causal relationship in this connection 
appear to have been present. The internal secretory glands were 
unfortunately not preserved for microscopical examination, but to the 
naked eye these all seemed to be quite normal. 

The brain, although one of the heaviest on record, is, as will have 
been gathered from the detailed description, for the most part normal 
in appearance differing from the average brain mainly in its increased 
size and complexity of pattern. The microscopical changes found also 
do not at all necessarily bear upon the question of cerebral hypertrophy, 
being merely those usually present in the brains of chromic epileptics. 
On one point, however, the microscopical examination gave definite, 

\ although negative, results. There is no general hyperplasia of the 
euroglia such as has been considered to form the basis of the cerebral 
Ronny in some cases. 

Although there are some indications in places of defective develop- 
mènt of the sulci and of reverting tendencies, these are not numerous, 
nor are they pronounced, probably not more so than are such indications 
in the majority of human brains, even in those which may be described 
as generally well developed. 

ere are, however, in the cerebral hemispheres many signs—apart 
from their large size—of a formative activity much greater than that 
usually seen. But we think that this increased developmental activity 
has procsededl for the most part, on regular lines, and that on the 
whole the departures from the ordinary in the convolutional pattern of 
the brain are in the direction of superiority. On the other hand, the 
tendency to insulation of areas of cortex, and the marked spurring and 
forking of certain sulci, such as is seen particularly in the left temporal 
region, may probably be looked upon as indications of formative activity 
on irregular or aberrant lines. With this greatly increased develop- 
mental activity, whether in the direction of superiority or of aberrancy, 
it seems likely that there would be a tendency to mstabihty. 

It is of interest to note, in this connection, that unlike many other 
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recorded cases of this class, the patient was neither idiotic nor imbecile, 
but was originally of at least average general intelligence, with special 
ability in music. Epilepsy, as in this instance, is a frequent complica- 
tion of these cases, and this suggests the idea that even when the 
minute structure of the brain appears to be normally constituted— 
which it by no means always is in such cases—the usual size of the 
brain, apart from its increased complexity of pattern, cannot be largely 
exceeded without introducing a condition of instability which renders 
its possessor liable to suffer from some form of nervous breakdown, and 
especially from epilepsy. 
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THE RELATION OF THE MYOPATHIES. ` 


| BY WILLIAM G. SPILLER, M.D. 
Professor of Neuropathology «n the University of Pennsylvania, Philadelphia, 


THE, classification of the myopathies is no easy task, but we may 
recognize two great groups of muscular atrophy or arrest, (1) the con- 
genital, (2) the acquired. 

The congenital embraces the cases of arrested growth in certain 
limited regions of the body, the infantile nuclear arrest (“ Kernschwund’”) 
of Móbius. This muscular condition may be caused by defect of muscles 
with complete integrity of the nerve apparatus, or, on the other hand, 
the peripheral neurones may be much affected. The congenital arrest 
usually is not progressive, although if may be progressive in exceptional 

ages. 

The acquired muscular atrophy also consists of two types, the 
primarily muscular, with intact nervous system, and the nuclear 
(néuronic), in which the nerve-cells of the peripheral neurones are 
affected. In the former we have the progressive muscular dystrophy, 
including the bulbar form of Hoffmann; in the latter we have the 
Werdnig-Hoffmann muscular atrophy, the infantile bulbar atrophy of 
dre Sana and Londe, and the forms of myelopathy occurring 
later than the period of childhood. These types, as is well known, are 
progressive. 

The \various forms are combined in rare cases, and certain of the 
muscles of the body, as the pectorals and serratus magnus, show a 
special liability to arrest or atrophy in both forms. It is also well 
known that reaction of degeneration and fibrillary tremors, as well as 
changes in the cells of the anterior horns, have been observed in pro- 
gressive muscular dystrophy, so that sharp distinctions cannot 
invariably be maintained. 

The relation of muscular defect to progressive muscular dystrophy 
has been recognized by a number of investigators. By some the defect 


| This paper was laid before the Neuropathologioal Seation of the International Medical 
Congress [August 9, 1918]. 
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has been considered as arrested intra-uterine dystrophy. of persisting * 
portions of arrested muscles the histological findings have been those. 
suggesting intra-uterine muscular dystrophy, and yet one must be 
cautious in accepting these findings as conclusive, for it is questionable 
whether a decision can be formed as to the myopathic or myelopathic 
character of atrophy from the microscopical findings in the muscles 
alone. In a paper published in 1898, and in another published in 1900, 
I called attention to the fact, even at that time well known, that the 
distinctions which had been sharply drawn between “degenerative” and. 
“simple” muscular atrophy were not trustworthy, and that the 
histological investigation of the muscles could not determine the 
‘myelopathic or myopathic nature of the atrophy [52]. Combina- 
tions of muscular defect with muscular dystrophy have been described. 

Recently we have had the classification of myopathy considered in 
an able article by Frederick E. Batten [8]. His classification affords 
an excellent basis for discussion. It is as follows :— 

(1) The simple atrophic type (myatonia congenita or amyotonia 
congenita). 

(2) The pseudo-hypertrophic type. 

(3) The juvenile type (Erb). 

(4) The facio-scapulo-humeral type ie quos and Dejerine). 

(5) The distal type (Gowers). 

(6) The myotonia atrophica type. 

(7) Mixed and transitional types. ; 

To these I add a somewhat questionable type :— ; 

(8) The true hypertrophic type. m 

I shall have little to say regarding the types mentioned in the head- 
ings 2, 8 and 4; they have been the subject of innumerable papers by 
Duchenne, Exb, Landouzy and Dejerine, and a host of others. Their 
sharp limitation, however, is still a matter of dispute, and among récent 
writers on this subject may be mentioned Eulenburg and Toby Cohn [25]. 
These authors show by the report of five cases of dystrophy in one 
family that it may be impossible to class a given case under any one of 
the recognized types. They maintain that the types are useful for 
didactic purposes, but should not be too sharply insisted on, and with 
this view we must agree. 

The simple atrophic type, as described by Batten, is one of the most 
disputed. It is congenital or begins in early infancy, and is characterized 
by smallness, lack of power and loss of tone in all the muscles of the 
body, without localized atrophy or hypertrophy of individual muscles 
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e Or groups M muscles. All movements are performed in a feeble manner. 
The disease is slowly progressive, and, as a rule, walking is never learnt. 
The muscles are very flaccid, and the hands and feet can be bent at 
unusual angles to the arms and legs. Some contractions of the flexors 
take place late in the disease. With this type Batten assimilates 
amyotonia congenita, and unquestionably there are many points of 
resemblance. The distinctions, as Collier and Wilson [14] formulate 
them, are:— , 

(1) The myopathies are conspicuously famılial diseases, whereas 
no familial tendency has been recorded in amyotonia. 

(2) The several types of myopathy often show familial relationship 
one with another, whereas no case of amyotonia has been reported in 
the myopathic family. 

(3) A large majority of the cases of amyotonia are congenital, the 
condition being obvious at birth. In a minority of cases amyotonia has 
appeared acutely and has reached its most severe degree in a few days. 
In none of its several types is myopathy present at birth, nor does it 
ever appear acutely or reach its maximum in & few days. 

(4) The characteristic muscular flaccidity is not present in 

yopathy. 

(5) The local muscular wasting that is a marked feature of 

opathy is not present in amyotonia. 

} (6) The course of myopathy is one of progressive muscular’ 
woukness, that of amyotonia is one of progressive amelioration of the 
symptoms. 

(7) Return of the deep reflexes after their persistent absence for 
months or years has been recorded several times in amyotonia, and has 
occurred in two of the cases reported by Collier and Wilson. Such 
a ret Xn of an absent deep reflex has never been recorded in 
myopathy 

To these distinctions we may add two presented by Collier and 
Holmes, viz. — 

(8) Affection of the periphery of the limbs, and especially of the 
intrinsic hand muscles, which is the invariable rule in amyotonia, is of 
the greatest rarity in any form of myopathy. 

In comparison with this positive statement, Archangelsky and 
Abrikosoff assert that the feet and hands in amyotonia usually are 
affected in less degree than the central portions of the limbs. 

(9) Amyotonia never spreads to regions previously unaffected. Slow 
spreading of the affection from muscle to muscle is characteristic of 
all forms of myopathy. 
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Batten attempts to show that amyotonia may be a family disease, e 
and in support of this argument he refers to the two cases of amyotonia 
in children of one family reported by Sylvestri. He refers also to 
the three cases in one family recorded by Finkelnburg, in one of which 
æ pathological examination was obtained. He adds that one of the 
children, D.8., recorded by himself as having the simple atrophic type, 
had a younger brother similarly’ affected, although at the time of 
publication he was ignorant of this. These facts, Batten thinks, 
dispose of the first two points raised, viz., they demonstrate that 
amyotonia may be a familial disease and may occur in a myopathic 
family. 

Cassirer [11] does not regard the cases of Finkelnburg in discussing: 
the familial occurrence of amyotonia congenita, and states that only 
Sorgente and Beevor have described cases occurring in the same family, 
and these, he thinks, are questionable cases. He refers, however, to 
Sylvestri’s cases which presented the characteristic symptoms of the 
disease, but regards them as uncertain. Further in his article Cassirer 
speaks of the familial form as described by Collier and Wilson, but 
regards all cases as ' nicht ganz einwandfrei.” It may be well to make / 
a brief reference to these cases here. 

Batten gives Sylvestri’s cases as follows: S. recorded two cases off 

amyotonia in one family, the first and fifth children; the second an 
third being healthy, the fourth being a cretin. A maternal aunt 
suffered from the Landouzy-Dejerine form of myopathy. The elder 
child, at the age of 16, is said to have presented a typical picture of 
Erb’s juvenile form. Sylvestri’s description of the later a 
of this child is somewhat obscure. 
. Sevestre’s [51] cases: A child, aged 24 months, had rom birth 
flaccid paralysis with atrophy of the four limbs and trunk, except the 
diaphragm. Two other children in the family had a similar disorder. 
The paralysis was almost complete. 

The cases of Sorgente, brother and sister, as given in abstract 
by Collier and Wilson, presented the symptoms of amyotonia, and 
apparently nothing contrary to the complex, unless possibly that there 
was no reaction in muscles of the legs to either faradic or galvanic 
current, ‘and convulsions occurred before death. These were familial 
cases, and were without necropsy. 

The case that Beevor described in Bram, 1902, was regarded by 
him as belonging to the Werdnig-Hoffmann type. It differed from 
this in that sensation was entirely abolished to the level of the second 
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v De. Langley "Pour, of San Francisco, California. has given me the 
a > notes of a very interesting family in which the diagnosis between 
c amyotonia and muscular dystrophy is not altogether easy. The disease 
> a familial one: | | X 
o The parents. of the. children are healthy, and no similar disease is 
J known in the ancestry. A maternal grandfather had syphilis. The 
family consisted of five children. The first child, a girl, is now aged 
..14, well developed and normal. The second child, a boy,- had 
8 condition which may have been amyotonia or muscular dystrophy. 
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( was one of very early myopathy, and possibly earlier than is recorded. | 
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- Thus Collier and Wilson, writing in Brats (vol. xxxi, 1908), ‘stated — 
regarding amyotonia: ‘In no case has the least tendency: to exacerba- 
tion of the disease been observed.” In the. next. ‚volume of Bram 
(vol. xxxii, 1909), these same authors: i in reporting two cases, remark: | 
os This is one ot ihe only two cases that have come under our obser va- 
tion in which | progressive deterioration das occurred." "From the 
pathological point of view improvement appeared. unlikely ; “they could 
— detect no evidence ot: regeneration or of reparatory changes | in dhe 
pee aes | dU nn 
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» clinical aspect of this disease is so widely different from that of any 
hitherto described form of myopathy as to warrant the retention of 
a separate name for what they call a distinct clinical entity. I have 
attempted to show in this paper that many of the so-called distinguish- 

-ing features of amyotonia belong also to myopathy, but after all we 
must acknowledge that amyotonia has distinguishing features, observed 
in by far the greater number of cases, and that the cases with exceptions 
do little more than show that there may be a transition from amyotonia 
‘to myopathy, without proving that the two diseases are identical, any 

more than transitional cases between myelopathy and myopathy prove 

identity of disease. 

There are a few cases of amyotonia which are typical clinically, and 
in which the lesions were confined to the muscular system; in order of 
publication these are the cases of Spiller, Liereboullet and Baudouin, 
and’ Councilman and Dunn. Possibly the case of Finkelnburg may 
be included. The pathology in these cases may be arrest in the 
development of the muscles with or without added muscular atrophy. 
Thorspecken [57] beleves that not a single reported case of amyotonia 
n be regarded as one of arrested development, except possibly that 
f Archangelsky and Abrikosoff. In this case general and pronounced 
uscular atrophy of bone and contractures showed much resemblance 
myopathy. Increase of connective tissue nuclei and of interstitial 
tissue are more in favour of disease changes in fully developed 
ents, but in my opinion do not exclude the possibility of arrest in 
lopment, at least as a part of the process. One may readily believe 
at tissue arrested in development would be more liable to degeneration. 

In my case [53] increase of connective tissue nuclei and of interstitial 
fat tissue was relatively slight, and Councilman and Dunn in the report 
of their case show how difficult ıt is to judge of the intensity and impor- 
tance of such findings. My case was a typical one of amyotonia, and 

‘although objection has been made to it by a few writers, it is very 
evident that some of these writers have never read my papers. It is 

` ımpossible, for example,.to reply to a statement that a case “ nicht über 
allen Zweifel erboben‘ist,” or “ nicht ganz typisch ist,” but when Gött 
and Schmidt state that the child I described was idiotic and had 
strabismus and amaurosis, I can only reply that they know more about 
the patient than Ido. There is no remark in my papers that suggests 
idiocy in this child, and I have shown by a statement from Professor 
de Schweinitz of the Ophthalmological Department of the University of 
Pennsylvania that the ordinary concomitant squint present in the case 












94 ORIGINAL ARTICLES AND CLINICAL CASES 


was not the strabismus from ocular palsy, and that it is very doubtful * 
whether the child was blind. This case was carefully studied clinically 
and by microscopical specimens, and microscopical sections were made 
from various levels of the spinal cord, from muscles from the sole of the 
foot, calf, back of the trunk, and arm, and from peripheral nerves. 

The case of Lereboullet and Baudouin cannot be rejected merely 
because convulsions occurred, and that during these convulsions the 
muscular atony disappeared. The patellar and olecranon reflexes were . 
diminished, but not lost. The exaggeration of reflexes later in the 
course of the disease is not sufficient to exclude amyotonia, and it was 
probably the result of the convulsions. A child with amyotonia is not 
exempt from convulsions. 

The findings in the case ee by Councilman and Dunn [19] 
were purely muscular. The amount of connective tissue was increased. 
Some fibres appeared like normal adult’ muscle-fibres, others were 
very small, and under low power appeared as accumulations of cells 
arranged in fasciculi. The nuclei in the small muscle masses seemed to 
be extremely numerous. The apparently great number of nuclei was 
due to the number of the fibres, and when & single fibre was followe 
along the nuclei were not more closely set than they were in the lar 
. fibres. Occasionally fibres were seen which were hollow, with fibril 
at the periphery, presenting much the appearance of embryonic fib 
There was no general fatty degeneration of the muscles, but in ce 
muscle-fibres there was a large amount of fat. The connective ti 
in the muscles was relatively increased, but it was uncertain wh, 
there was an actual increase in this tissue. The spinal cor 
practically normal. 

There are other cases of amyotonia with pronounced muscular 
changes and comparatively slight alteration of the nervous syste 
as those of Baudouin, and Archangelsky and Abrikosoff. It i 
remember that while myopathy usually is without marked alteration of 
the nerve-cells of the anterior horns, even when the disease has existed 
so long as in the case reported by Duchenne [22] in 1872, by Landouzy 
and Dejerine [40] in 1886, and by myself [54] with the pathological 
findings in 1900, still there are transitional forms in which moderate 
changes of the anterior horn-cells are detected. 

The subject of degenerative changes occurring in the lower motor 
neurones in muscular dystrophy has been discussed by Gordon Holmes. 
[35]. He reports & case of this disease 1n which there was considerable 
diminution in number and size of the nerve-cells of the anterior horns 
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‚and atrophy and diminution of fibres in the ventral roots. He refers 
to a number of similar cases in literature. Hoe thinks that in his case 
and in the majority of the others there can be no doubt that the condi- 
tion was acquired, and was not a developmental defect. The nature of 
the cell-changes, the slight secondary gliosis of the ventral horns, the 
definite evidence of loss of fibres in the ventral roots and peripheral 
nerves, and the increase of connective tissue in the nerves, make this 
certain. He rejects the theory of nervous origin for the muscular 
atrophy in these cases, because the histological changes in the ventral 
horns in his case appeared to be distinct from the degenerative cell- 
changes he has found in any of the many spinal amyotrophies he has 
examined, and the muscular affection exceeded them both in degree and 
extent. He believes the neural changes are secondary to the primary 
muscular disease. He does not know of any evidence of neufal 
degeneration secondary to disease entirely limited to muscle tissue, but 
he thinks it is probable that when muscle fibres undergo complete 
atrophy and disappear, the functional, and probably secondary thereto 
the nutritional, equilibrium of the neurones which terminate in these 
fibres must be disturbed. The terminal branches of the axis cylinders 
ft naked by the disappearance of the muscle-fibres probably will be 
jured and possibly destroyed by the connective tissue which proliferates 
ondary to the muscle disease. He refers to Baudouin’s case of 
otonia congenita, and shows how closely it resembles the case he 
rted. Baudouin himself spoke of the muscular changes, “ telles 
peut les voir dans les myopathies.” Holmes says that the 
id anatomy of Baudouin’s case was identical with that of a con- 
ble number of undoubted cases of.muscular dystrophy. He states 
e origin in his case and Baudouin's must have been similar, as 
uin believed the abnormal condition of the muscles could not be 
d as merely an arrest of development, and must have been an 
condition. Owing to its intensity the muscular alteration of 
n’s case could scarcely have been secondary to the simple 
the ventral horn-cells, and its nature, too, was distinct from 
uropathic atrophies. “It must be concluded, Holmes thinks, 
of the muscles was an acquired regressive affection, 
n an intrinsic developmental anomaly. From the 
oints of view Holmes thinks Baudouin's case 
only in the commencement during intra- 
ions so closely resembled those of 
to place the case in a separate 
























1 


96 . ORIGINAL ARTIOLES AND CLINICAL OASES 


class. The most important distinction of amyotonia is that it is not. 
progressive, and that amelioration may occur. Even if amyotonia were 
congenital myopathy, these distinctions would not be surprising in view 
of the difference of the nutritional conditions of the individual before 
and after birth, and the changes in the mutual relationship of the 
muscular and nervous systems in intra- and extra- uterine life. 

It seems probable to me that an arrest with later atrophy may occur 
in the peripheral neurones as well as in the muscles in some cases of 
myopathy. It ıs common to find more than one defect in development. 
Oppenheim has emphasized this as regards myasthenia. Cataract with 
muscular atrophy 18 another example. ‘T’he case of myopathy of long 
standing referred to above shows that great destruction of muscle does 
not lead necessarily to degeneration of the ‘peripheral neurones. 

` Archangelsky and Abrikosoff regarded the changes in the cord in 
their case partly as arrest in development of the grey substance, and , 
partly as a retrograde change. Most muscle-fibres were thin, but their 
structure was preserved; there was no nuclear proliferation of the 
muscle-fibres nor overgrowth in the connective tissue, therefore they 
regarded the muscular condition as arrested development. These 
findings in the muscles resemble those in the cases of Spiller, Finke 
burg, Lereboullet and Baudouin, and Councilman and Dunn, ‘b 
Archangelsky and Abrikosoff found diminution in size of the anter) 
horn-celis, and this finding is like that in the case of Baudouin. 

It seems, therefore, that the symptom-complex of amyotonia 
depend on purely muscular lesions (Spiller, Lereboullet and Baud 
. Councilman and Dunn), or these muscular lesions may be asso 
with alteration of the cells of the anterior horns, which in some ins 
seems to be slight (Lereboullet and Baudouin, Archangelsk 
Abrikosoff), in others intense, and when this cellular altera 
intense the distinction from the Werdnig-Hoffman type of atrop 
be difficult, | 
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Rothmann [47] has considered this aspect of the sva 
progression of the disease, reaction of degenerati 
in the proximal parts of the limbs are the m 
of the Werdnig-Hoffman type. This fo 
character, as in the cases of Thay 
Armand-Delille and Boudet. I 
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spinal process has reached its height at birth, and improvement depends 
on the condition of the persisting anterior horn-cells. The Werdnig- 
Hoffmann atrophy, beginning in the second half of the first year or later, 
has a more gradual destruction of the nerve-cells, and yet Rothmann 
acknowledges that amyotonia beginning in the first months of life may 
show much improvement. The improvement in one case, the progression 
to death in the other are not sufficient to distinguish the two processes. 
The progression to death may be greatly delayed, as shown in three of 
Bruns’s cases. Rothmann does not regard the reaction of degeneration 
as an important distinction, and this subject will be considered & little 
further on in this paper. As for the pathological findings Rothmann 
thinks they show gradations. 
Rothmann’s conclusions are :— 
Amyotonia in the majority of cases anatomically is a disorder of 
the anterior horn-cells, and these cells may completely disappear. 

All gradations exist between amyotonia and the Werdnig-Hoffmann 
type, so that sharp distinctions cannot be made between these diseases. 

Transitional forms occur between the spinal muscular atrophy of 
tal origin (amyotonia) with affection of the lower cranial nerve- 
lei, and the nuclear loss of Möbius (“Kernschwund’”) with impli- 

of the spinal cord. u 
assirer [12] regards as important distinctions that amyotonia is 
rogressive, and the Werdnig-Hoffmann atrophy first is seen in 
en in the second half of the first year of life. It is questionable 
er these can- be regarded as important. It is difficult to say 
when a disease begins, especially when the date of its com- 
ent is often determined by a more or less ignorant parent, 
immer’s case [58], which he regarded as belonging to the 
-Hoffmann type, was congenital. Cassirer is not willing to 
yotonia under spinal affections, and in his opinion it is closer 
athy. 

The cases of amyotonia with intense alteration of the cells of the 
anterior horns seem to indicate that the disease may be without ameliora- 
tion, and even may be progressive. Such cellular changes are usually 
progressive in spite of all we do to check them. 

Batten [4] acknowledges the difficulty in distinguishing between 
amyotonia congenita and the Werdnig-Hoffmann paralysis. His points 
of distinction are that in amyotonia a child as a rule can perform 
all.movements in a feeble manner, and there is not the marked degree 
of flaccid paralysis seen in the case of spinal atrophy. Although 


hypotonia is present in cases of spinal atrophy, it is not so marked 
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as in cases of amyotonia. The intercostal muscles are commonly. 
paralysed in the spinal atrophy of infants, whereas in amyotonia they 
are less affected. In brief, in spinal atrophy the paralysis is more 
marked and the hypotonia less marked than in cases of amyotonia. 

It is indeed a question whether further experience will justify these 
distinctions. They depend upon degree rather than upon quality of 
characteristics, and do not apply to some of the cases of amyotonıa 
described with intense pathological change of the anterior horn-cells. 
In a mild case, one in which the spinal changes have not advanced far, 
and especially one in which the lesions are purely or largely muscular, 
all movements may be possible. u 

The flaccidity has been very great in a number of cases of amyotonia, 
and loss of power has amounted to complete paralysis (Archangelsky 
and Abrikosoff). In some of the cases of the Werdnig-Hoffmann type 
the flaccidity has been pronounced, and was so in a case reported recently 
by Batten and. Holmes [8]. These authors had made a diagnosis of the 
Werdnig-Hoffmann type, but some who had seen the patient had regarde 
the disease as amyotonia. It is difficult to understand how the inte 
costal muscles could be little affected when the changes in the anterj 
horn-cells of some of the cases of amyotonia are so great. On 
reminded by these distinctions of the attempt to separate c 
poliomyelitis from progressive spinal muscular -atrophy. 

The intercostal muscles have been reported as affected in an 
of cases of amyotonia. Lugenbühl |42] remarked that the muscles 
thorax and neck were badly developed, and were not active. Poll 
said of his case that the thorax and back muscles were paralysed. 

In the case reported by Griffith and Spiller [31] there was no hi 
acute disease. The mother said the boy had never been able to 
legs effectually or to handle objects. He took slight notice of 
and had never been able to sit up. The legs were motionless an 
the feet ın position of foot-drop. The muscles of the legs were. 
without actual atrophy. The toes and legs could be moyéd freely by 
the child when he was stuck with a pin. Passive móvement at the 
knee-joint was unusually free, but there was contracture at the ankle. 
The muscles of the arms were soft, but not atrophied. The child was 
able to move the arms very feebly and slowly; and with little ability to 
handle objects: No tendon reflexes were obtainable. He was unable 
to sit unsupported, and when held in a sitting position extreme kyphosis 
developed, and the head dropped'in any direction in which gravity acted 
upon ıt. When released the trunk would fall in a similar manner, some- 
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times forward, with the head against the ankles and the arms lying 

“helplessly where they happened to be, and the child was unable to 

change this position. 

Two and a half months after the first observation the intellectual 
power was found improved, the child took more notice of objects, the 
power in the upper limbs had increased, and he could now grasp a biscuit 
and eat it unaided. All movements of the upper limbs were still slow 
and feeble. ‘There was slight increase of movement in the lower limbs. 
Under electrical or other stimulation there was decided increase of move- 
ment 1n the limbs, but no distinct muscular contraction was obtained by 
electricity, faradic or galvanic. 

The findings in this case were very similar to those of Rothmann 
and those seen in the Werdnig-Hoffmann atrophy. Ishould like to refer 

~ to the fact that this child, as in the previous case reported by myself, 
took little notice of objects, as in no way indicative of poor sight. A 
child.go weak has little interest in what is going on about him. 

In the case reported by Gótt and Schmidt [27] the clinical picture 
sembled amyotonia more than the Werdnig-Hoffmann type, except in 
tain features, viz., the absence of improvement, with a tendency to 
ease inthe symptoms, the presence of reaction of degeneration (this 
aid to be always absent in amyotonia, but in Thorspecken’s case 
reaction was obtained), and the presence of fibrillary tremors (these 
never been seen in amyotonia, and are regarded as rare in the 
ig-Hoffmann atrophy). Opposed to the Werdnig-Hoffmann type 
he absence of heredity and familial tendency, and the appearance 
ptoms immediately after birth, and not in the course of the second 
life. The findings were those of the Werdnig-Hoffmann type. 
d Schmidt try to answer those who regard amyotonia and the 
-Hoffmann atrophy as the same disease, but the very case they 
in support of a close relationship between the two. The cases 
er, and Gott and Schmidt show that a congenital form of spinal 
atrophy exists. The latter case is important, for it had the 
ptóms of amyotonia, including the hypotonia, and other signs show- 
ing clinically implication of the spinal cord. The muscles were much 
degenerated, the nerve-cells of the anterior horns much diminished in 
number and size, and the anterior lumbar roots were not so well medul- 
lated as the posterior. 

Marburg [43] also declines to accept amyotonia as identical with the 
Werdnig-Hoffmann atrophy. He lays much stress on the absence of 
the fatty pigmentary degeneration of the nerve-cells in the Werdnig- 
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Hoffmann atrophy, which is so common in the Aran-Duchenne type, , 
and has never been seen in very early childhood. Since his paper was 
written, Zatelli [60] has reported the finding of distinct fatty pig- 
mentary degeneration of these nerve-cells, recognized by the Marchi 
stain, in a case of the Werdnig-Hoffmann atrophy. This seems to be 
the only case in which this change of nerve-cells has been found in 
children. 
The distinctions Marburg makes are :— 
















Amyotonta.  - ee Atrophy. 

Congenital. Acquired early. 

Usually single case. Usually familial. 

General hypotonia. Localized atrophy, beginning in pelvic 

e. 
Atrophy concealed. ` Atrophy easily recognizable. ~ 
Loss of tendon reflexes, Tendon reflex activity in proportion to 
the atrophy. 


Electrical irritability (?) or amyotonic Reaction of degeneration. , 
reaction (faradic lost, galvanic 
normal). 
Improvement. Progression with constant impairment. 


i 


These features, Marburg holds, are the most important, and sh 
the differences between the two diseases. The congenital ongin, it 
been shown, is not always present in amyotonia, and Wimmer's cas 
the Werdnig-Hoffmann type and the case of uncertain classificatio 
Gött and Schmidt were congenital. Familial cases are infrequent 
probably occur in amyotonia, and many cases of the Werdnig-Ho 
type have not been familial. Hypotonia may be pronounced in 
affection, although it is likely to be more intense in amyotonia. 
atrophy in amyotonia may be distinct, and may implicate the bo 
in the case of Thorspecken. The condition of the tendon refle 
point of distinction is unreliable, especially in such young 
Galvanic and faradic reactions were lost in the case of Gri 
Spiller. In Rothmann’s case strong faradic irritation gave on 
contraction of the flexors of the forearm, galvanic gave slow contracti 


M 


but KCIC was greater than the AnCIC. This case was studied in 
Oppenheim’s clinic while the child was living, and was a i as one 
of amyotonia. 

As regards electrical irritability, Guse states that the determination 






of the electrical reactions in amyotonia i is difficult in so young ch 
Some investigators have found that the children endure strong Binos 
easily, but this Cassirer and some others dispute. -In no cagturr~y jo 
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' very exact electrical examination been made; according to Cassirer, in 
general it may be said there is diminution of the irritability, but no 
qualitative change. A peculiar reaction has been described by Collier and 
Wilson, and this they call the amyotonic reaction; the muscles react 
much below normal to a strong faradic current, whereas to the galvanic 
current the formula and form of contractions are normal. Cassirer says 
his experience shows that this difference in reaction to the two currents 
is not present in all cases. 

All the muscles and nerves reacted to the faradic and galvanic 
currents in T’horspecken’s case, but to stronger currents and ın narcosis. 
Without narcosis the reactions were uncertain in some of the muscles. 
Slow reaction to the galvanic current was obtained in two muscles. 

. Oppenheim is said to have had a similar finding in one case of 
|; amyotonia. 

Improvement is not confined to amyotonia, and in many cases of 
this disease has not been pronounced, as has already been stated. 

It would seem, therefore, that the distinctions given by Marburg 
are not so positive as they appear at first sight. He regards amyotonia 
s footal acute poliomyelitis, but he acknowledges that the existence 
f foetal poliomyelitis has not-been positively demonstrated. I do not 
now of any other writer who has accepted this view. I have seen 
hing in the two cases I have studied that would justify such an 
ion, and it is disputed by Thorspecken, who distinguishes amyotonia 
he great extent and symmetry of the muscular disorder, by the 
ce of complete loss of function in a single muscle, by the character- 
istic ‘electrical reaction (of somewhat questionable value), by the absence 
of b: and trophic disturbances, and by improvement after a period 










of years. 

"Batten has attempted to demonstrate that intra-uterine poliomyelitis 
may exist. The first case reported by him in his paper does not afford 
absolute proof of fœtal pohomyelitis, but makes it probable. Especially 
characteristic of poliomyelitis is the elongated patch with almost 
complete disappearance of medullated fibres in the right ventral horn 
of the sacral region, represented in fig. 4 of Batten’s paper. A patch 
of this character in the ventral horn, consisting of neuroglia, and with- 
out medullated nerve-fibres or nerve-cells, is very suggestive of polio- 
myelitis. Marburg’s view that amyotonia is fostal poliomyelitis receives 
some support from Batten’s case [5], but in none of the cases of 
amyotonia have findings exactly like these been described, in none were 
these characteristic patches of neurogla tissue representing scar forma- 
tion following an inflammatory exudate. 
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Tse DISTAL TYPE oF MYOPATHY. 


Cases of the distal type of myopathy have been reported by 
Oppenheim and Cassirer [45], Gowers [28], Dejerine and Thomas [21], 
Spiller [55], Batten [6], and Cottin and Navile [18]. Campbell's 
case [10] is somewhat doubtful. , To this list I now add another case, 
although it is without necropsy. 

The case of myopathy of the Aran-Duchenne type (the atrophy 
began in the hands), reported by Merklen and Schaeffer [44] was 
purely clinical. Reaction of degeneration was present in some muscles 
of the lower limbs. 

In my paper in which a case of the distal type of myopathy was 
reported, I emphasized the importance of recognizing as belonging to ` 
the peroneal (Charcot-Marie-Tooth) type the long-continued and sharp 
limitation of the atrophy to the parts below the knees and elbows. Cases 
in which the thighs and upper arms are wasted may en to this type 
but they are not questionable. 

Batten thinks the disturbance of peripharal sensation, tn found 1 
the peroneal type, points strongly in favour of the peroneal type 
distinguishing it from the distal type of myopathy, and implication 
facial muscles is & point strongly in favour of the muscular origin of 
disease. 

Hoffmann, however, accepts involvement of the facial muscl 
‘a part of the peroneal type, as Batten mentions, and in Oppenhei 
Cassirer’s case of myopathy implication of the cranial nerve- Su 
was slight. In myopathy the atrophy may begin in the distal parte of 
the limbs, but sooner or later extends beyond them, and the trunkal 
muscles are likely to be affected. “Sensory disturbances are sc often 
absent ın the peroneal type that in many cases the condition of sensation 
' affords no means of differential diagnosis. 

Cottin and Naville believe that in peripheral myopathy, as regards 
the hand supply, the atrophy has not the same distribution in the begin- 
ning of the disease as in the Aran-Duchenne atrophy. In the peripheral 
myopathy the hands fall and the fingers are flexed, and atrophy appears 
' later, whereas atrophy is always early in the Aran-Duchenne form, and 
does not effect the extensors of the thumb and fingers untillate.  Peri- 
pheral myopathy, like the juvenile form, affects espécially the extensors. 
These authors believe that peripheral myopathy begins late (middle life), 
is not hereditary nor familial, and is more common in females. In my 
case it began about the age of 26 years, and was in a male. In 
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= na MO bedanke, tbey spar d three i cases Louis ed 
ior a those of Gowers, ^ Bpiler, and Batten. Gowers'a S case is referred : 


eis was a aay aged: 3 ab PS onset ay jl 
e I M os reported by me is similar in that 


“distal apes myopathy veral n EM ; 
cases called. forth considerable aufero o ot opinion. "Holmes. en 
| that the age. of onset of peroneal palsy was higher than i in Batten's cases. i 
= A recent case which I have studied is as follows: T. B. (figs. 7 and * 2 
8), white, aged. 9, came to the. Nervous Dispensary of the Hospital of «t 
the University of Pennsylvania on June 27, 1911. "The first child was — 
orn at the sixth. month, : and died when à few months old. The patient 











the asikles End ‘lege: but iere is some Que bee the” re 
began in the ankles or in the thighs; the much greater atrophy of the 
legs would suggest that the atrophy began in these parts. He was very 
healthy when 2 years old, and better developed than most children of 
the same age. 

















Fic. 7.—Distal type cf myo- Hig. 8.—Distal type of myopathy. Photo- 
pathy. The photograph shows the graph shows the extent to which the patient 
bilateral foot-drop and greater was able to rise from the floor. The method 
wasting of the lower limbs "below of rising is like that of. pseudo-hypertrophic 
the knees and atrophy of hands museular paralysis. 


and forearms. 





E In June, 1911, the head was not affected apparently. The move- 
ments of the hands were somewhat awkward and ataxic, probably from 
weakness, and the muscles of the right hand appeared as if they were 
beginning to atrophy. Both scapule were prominent and winged. 














drop. on each. ‘side, eo | gait. V 

UE ‘ising from. ihe floor he climbed upon his lower limbs. thire wi 
: symmetrical. atrophy of all the. muscles below the knees. The calf. S 
muscles seemed stronger than the others. Sensation was normal for - 
| pin-prick, but the examination was not satisfactory in this respect. 

* "The patellar reflexes were absent and there was no ankle-clonus. The Uem 
= big toes did not move upward in testing for the Babinski reflex. Jie 3 
.. Wassermann test was negative, the Noguchi positive. D E 
ee dn March, 19151 the e SRUBAT o of the small muscles sof £ the hands x was ae 


5 ihere was grave foot- 





was | 

: bare theis was not the ij alightedk slosmesi | in pe onen ede 
: The boy had never whistled. He could blow out a ‚hghted Be u 
^ but he did nct pucker up the lips, nor did he seem able to draw up ihe 
-corners of the mouth—he simply drew the corners-a little backward. ° 
^. He closed the eyes, but not with great force, and yet one would hesitate 

5 (do say that the orbicularis oculi muscles were weak. The face did not | ; ? 
appeal to. be atrophied. * The masseter i iow ‚the tongue and vogue x: 


| Myoroxis Arnopute: 


M otonia. aleophion, i is a rare disease i in “America s so far a | 
udge from the scarcity. of. published: cases. The recent critical studs ! 
of Batten and Gibb, Ascenzi, Hoffmann, and. Curschmann have estab- — 
\ . lished its position in relation to the myopathies as a distinct, form; and .- 
|| Sering. in important details from Thomsen's disease. uy 
D» Batten and Gibb TL mention that in this disease the moi us 
... features in many cases are very limited in distribution, and occur after 
the muscular wasting has been present many years, "They admit that 
mmechgh atr eRe may y develop in Pc cases ot ‘Thomsen’s s disease. 











; piene p Inyokenie, Mühlen ed on a thirty < and is . 
. fairly. constant. "The pathological findings. are age i in s ayons © 
. and myopathy. In both males are more frequently | affects, d, in both vs 
. symmetrieal muscles are involved, the proximal museies are more | 
x S affected than the distal, the visceral muscles escape, and other. signs: 
of involvement of the nervous system are wanting. Ascenzi gives 
a table of the reported cases. He states. that the type described by 2 
| Been and | Gibb à is. the most. t fequent but irregu n. um 








C eh says bat. ail the cases” fot ye atro: in Ehe: 
literature v with his own number seventy, at the most rund QE there 


i: musculorum | vera (dy strophin 


he. ‘myopathies, 








! este b the ade even i when, tlie conditis has eria a long time. 2. 
.. Hichhorst describes it.as a rare disease, concerning the cause of which eg 
- very little is known. | _ 
e ~~ alma [56] in 1898 collected the cases belonging to this type in 
-~ the literature, and reported a case of his own. His patient was about . 
— 48, and had the disorder six years. Almost all the voluntary muscles . 
. were very large, and although the pannieulus adiposus was well . 
developed, the muscles stood out prominently, so that the man could - 
have served ior. a model of ‘Hercules, and yet he was weak. E A pie 
of | biceps muscle removed during life macroscopically. appeared io be 
normal, and there. was an increase of fat. „or | connective tissu 
or examination. sensation was diminished. M T A er 
The sarcolemmata had disappeared, “the primitive "pundles ES 
nob reg ‚defined, and they were farther apart. than in E 
muscles. i Many nuclei were found between the primitive b 
but it could. not be’ ‘determined whether these were prol | 
colemma nuclei or whether they had. ‚arisen in the diterstital ti 
The transverse striation had in great part disappeared. páce 
taining ‘spindle-shaped cells "were found. between E the fibrils of 
xrimitive bundles. The muscle appeared. to be formed by new pri 
bundles, and the number of them was increased. ‚Only those whi 
preserved the transverse striation were supposed to be capable of no 
contraction, and the number of these was. small. In strict sense ii *" 
noi: therefore a te ue muscular hypertrophy, as the muscular tissue e was, | 
not normal. A piece of nerve examined also was nobnormal So 
In a similar case reported by Auer bach the muscles ‘of only o one e limb. 
were enlarged, sensory disturbances were not present, and improve- 1 
ment occurred after some months. A contraction of this limb was 
¿normal at first, but the power soon diminished. In pieces of muscle 
-removed the transverse striation was normal in almost all the primitive 
bundles... A slight nuclear proliferation: was found. Faradie irritability 
M was diminished, | 
nl Berger’ s three cases only one limb was t and. 
gu subjective | sensory disturbances were present, and electrical irritability 
was diminished. In two of these cases only enlargement of primitive | 
bundles > was found. =: 5; T Eo es ea Le 
a Friedreich g | scribed two ¢ cases of | true o hyper trophy of some n 




































































associate 





s tra erae Ma ation in = part Moral, and F amorig tase A 

ES found wax- like degener ated fibres. In his second case, in almost genera N 
. atrophy, 4 few muscles were hy pertrophied. | | P 
In Kran’ s case: some pain occurred, but no changes were found in 

2 the nerves. . Hypertrophy of muscles was associated with weakness. _ 
-Pieces of muscles were | excised. . Most. of the fibres had transverse . ue 
- striation, and. nuclei were. found within the substance of certain AS 
 muscle-fibres. | 







little change from. Turis year; “greater drequency ot PM disease in 

de dn the case reported by w oods, Saint naar cramps occurred, P 
ae one of these was seen, <A. small mass of muscle, 2 to 4 cm. in cS 
— diameter, rose up, became hard, and formed a rounded tumour, which | Us 
2 Temained a moment and subsided. Even light tapping of the muscles __ 
: caused prompt contraction of fibres; in the deltoid and biceps of each 
: ‚side this amounted te. a i jerk of the whole muscle. These idiomuscular "obs 
ntractions | are r ab e, as “Babinski. and Jarkowski have showr 


ha t ‚while they ae abeat in i myapashy. € fai fact knos m p reviously), ^h thes : 
























i 0 8 tudents, ar aa who s were Sot imardy i F he- og ind sedentary, 
but. even some. sickly” individuals. He fell far below the athletic: type 


of student, with whom he should have compared favourably ; ; ihe tests | x 


V pada not such : as pues skill, but those which labourers Should: best 3 


: bir he awakens hd ioward evening. This pain appears do be = 
. use of weak muscles. | _ 





drawn backward. Galvanic reaction is normal in the biceps and deltoid _ 
“muscles of each side, the KaCIC>AnCIC, and there is no slowness of | 
contraction. : Light touch, pin-prick, moderate degrees of heat and. 
cold are promptly felt in every part of the body. The biceps and. 

-triceps reflexes are present on each side, but not very prompt. Hither 





Fics, 9 and 10,—Case of hypertrophia musculorum vera. The muscles are . GERM 
exceedingly well developed, and yet the weakness is very great. 





forearm when strongly flexed can be extended by the examiner without 
much exertion, and with one hand; When either upper limb is held at 
a right angle with the trunk, it can be depressed by the examiner with 
slight exertion. There is not the slightest atrophy in any part of the 
bodv. | | | 
The lower limbs appear well developed, but they are weak. When |. 


ws 














ust red. us at the 1 man fron raising: either "ioo or extending | 
either. leg. on the thigh. The weakness i is noticed especially i in climbing | 
stairs. The patellar and Achillis tendon. reflexes are about normal on 
each side. -ooo Ge 
-~ = The man is a Jew. I have been unable to confirm his statement 
_ that his brothers are weak, and therefore cannot be certain that the 
disease is a family one, There can be no doubt that the muscular 
development is far in excess of the muscular strength. The. only | 
"sensory symptom. is pain, more of a dull ache, although at. times. it may. 
“be more severe; this ache he has always, and has. had it since. boy) ood 
-Ithink it is very questionable whether this could be. regarded. as t 
result of disease of sensory fibres, and attribute it to constant . over- ruse 
of weak muscles. s : E wi na: 
= The occurrence of muscular Re ertr ophy in d oon atrophic 
makes the relation of muscular hypertrophy: to myopathy more ‚pro 
able. Thus Wardrop Griffith reports a case without “necropsy, 1 
ith. e excision ofa piece of muscle which. presented the symptom 
myotonia i ina pronounced form, with. marked atrophy of some gr 
of. muscles and an enlargement of. those of the calves, 
5 there was no increase of the knee-jerks. The histological. i a 
he says, appears definitely: to exclude pseudo-hypertrophic- palsy, 
to show that. there was a real enlargement of the muscular fibres, 
` that any increase in the general mass of the muscle was not due to fatty 
^or fibrous infiltration. Griffith [30]. calls the. ‚case one. of myotonia 
atrophica et hy pertrophica. The changes in the muscles. varied. some- 
what in the two limbs, upper and lower, but in each instance they were - 
variations in size and in shape of the fibres, and variations in the. number i 
and distribution of the nuclei. In diseased. muscles the. fibres were | 
almost. circular. in transverse: section, and roughly speaking, twice the P 
diameter of those in the control muscle. ^. | tun, 
^. A-relation of myopathy i in some of its. types to glandular disturhanee 





















































D. .. possibly 1 may be fully established some day. It is remarkable that in 

a case of the juvenile type of muscular atrophy reported by J. Michell 

os Clarke [13] there was simultaneous enlargement. of the parotid glands. 
m The. imbmasillary pinde were o ea This a ‚sue : 
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Schónborn [50] thought the case was one of myopathy of toxic nature, 
possibly from glandular disturbance. 

Sacara-Tulbure [48] reported a case of pseudo-hypertrophic paralysis 
beginning at the age of 48 years, in which she says a remarkable fact 
was the pronounced development of certain glands, as submaxillary, 
parotids, axillary, and inguinal. This case was with necropsy. 


REFERENCES. 


[1] Amsann-DsLitig et Wein, ÀnBERT. Rev. Neurol., 1906, t. xiv, p. 190. 
[2] AscmNzI. Monatsschr f. Psychiat. u. Neurol., 1912, Bd. xxxi, S. 201. 
[3] Barran. Quart. Journ. Med., 1909-10, vol. nii, p. 818. 
[4] Idem. | Braan, 1910-11, vol. xxxii, p. 488. 
[5] Idem. Ibid., 1910-11, vol. xxxiii, p. 149. 
[6] Idem.- Proc Roy. Soc. Med., 1909-10, vol. iii (Neurol. Sect.), p. 92. 
[7] Barres and GisB. Brain, 1909, vol. xxxii, p. 187. 
[8] Barren and Horus. Bram, 1912, vol. xxxv, p. 88. 
[9] BERNHARDT. Neurol Centraldl., 1907, Bd. xxvi, S. 2. 
[10] OaureBELL Rev. of Neurol. and Psychiat., 1906, vol. iv, p. 192. 
[11] CassrauR, Lewandowsky’s “ Handbuch der Neurologie," Bd. u, 8. 1. 
[12] Idem. Tisd., Bd. i, “Specielle Neurologie," Bd. i, S. 280. 
[18] Crank. Brain, 1908, vol xxvi, p..148. 
[14] Oorriz2s and Wırson. Brain, 1908, vol. xri, p. 1. 
| [16] Cousx. Arch. de Méd. des Enf., 1908, t. ix, p. 552. 
[17] Coomss. Brit. Med. Journ., 1907, vol. i, p. 1414. 
18] Corrs et NavinnLE. L’Hnedphale, 1912, t. vii, pt. 1, p. 401. 
19] CousornxaN et Dums. Amer. Journ, of Diseases of Children, 1911, vol. 1i, p. 840. 
20] OuascmaaNN. Deutsche Zeitschr. f. Nervenheilk., 1912, Bd. xlv, 8. 161. 
1] DzjzERINE et Tmoaas, Rev. Neurol , 1904, tb. xii, p. 1187. 
] Duonerne. ''Del'Éleotrisation localisée, ” third edition, 1872. 
] Erounosnsr. “Handbuch der spez. Pathologie und Therapie innerer Krankheiten," 
1907, Bd. iii, S. 932, 
[94] Ens. Münch. med. Wochenschr., 1909, Bd. ii, S, 2191. 
(25] EurzNBURG und Tony Goun. Neurol. Centralbl., 1911, Bd. xxx, S. 963. 
[260] FINKELNBURG. Deutsche Zetischr. f. Nervenheilk., "1908, Bd. xxxv, S. 458. 
[27] Gorr und Sommpr. Zeitschr. f. Kinderheilk., 1911, Orig. Bd. ii, 8. 256. 
[28] Gowzns. Brit, Med. Journ, 1902, vol. ii, p. 89. 
[29] GREENFIELD. Rev. of Neurol, and Psychiat., 1911, vol. ix, p. 169. 
[80] GRIYFITH. Quart. Journ. Med., January, 1911-12, vol. v, p. 229. 
[81] GBIFFITH and SPILLEBR. Amer. Journ. Med. Sci., 1911, vol, exhi, p. 165. 
[82] Gumam. Sem. méd., 1907, t. xxvii, p. 277. | 
[88] Hamıcton. Rev. of Neurol. and Psychiat., 1911, vol. ix, p. 646. 
[84] HorruaANN. Arch. f. Ophthal., 1912, Bd. lxxxi, B. 512. 
[85] Horxme. Rev. of Neurol. and Psychiat., 1908, vol. vi, p. 187. 
[36] Horses, Barren and Bares. Proc. Roy. Soc. Med., 1908-09, vol. ii (Neurol. Seot.), 
p. 106. 
[37] Howard. Proc. Roy. Soc. Med., 1907-08, vol. 1 (Path. Seot.), p. 187. 
[88] Junnrassık. Deutsche med. Wochenschr., 1909, Bd. xxxv, 8. 830. 
[39] KENNEDY and OBERNDORF. Journ, Amer. Med. Assoc., 1911, vol, Ivil, p. 1117. 
[40] Lanpouzy et Dusmamm. Rev. de Méd., 1886, t. vi, p. 998. 
[41] LgorsRo. Gas. des Hópitaus, 1907, b. lxxx, p. 1688. 
[48] LuazsBUHr. Deutsche med. Wochenschr., 1907, Bd. xxxui, 8. 1439, 
[43] Marburg. Arbeiten a. d. Neurol, Inst. Wren, 1912, Bd. xix, 8. 138. 


BRATN.— VOL. XXXVI. , 8 










i 
114 ORIGINAL PETIOLES AND CLINICAL CASES ^ 


[44] MERKLEN et BcHAgzmmn. Rev. Neurol., 1912, t. xxiii, p. 447. 

[45] Oppaweera und OassrgER. Deutsche Zeitschr. f. Nervenheilk., 1897, Ba. x, S; 149. 

[46] Ponnax, Arch. 7. Kinderheilk., 1910, Bd. liii, B. 878. 

[47] Rormuns. Monatsschr. f. Psychiat. u. Neurol., 1909, Bd. xxv, S. 161. 

[48] BAcAnA-TuLBUERE. Rev. de Méd., 1894, t. xiv, pp. 278, 494, 992. 

[49] Scurivgk. Arch. of Ped., 1910, vol. xxvii, p. 34. 

[50] BonómBonN. Monatsschr. f. Psychiat. u. Neurol., 1910, Bd. xxviii, B. 81. 

[51] SEvmsTBE. Bull. de la Soc. de Péd. de Paris, February 21, 1899. . 

[52] Serug. Med. Rec., New York, 1898, vol. liv, p. 9; “Contributions from the Willlam 
Pepper Laboratory of Clinica? Medicine, HONO T. 

[58] Idem. Univ. of Penn. Med. Bull, 1904-05, vol. xvii, p. 849 ; Neurol. Centralbl., 1907, 
Bd. xxvi, 8. 508; GRIFFITH ME SPILLER, Amer. Journ. Med. Sei., 1911, vol. oxlii, 
p. 165. 

` [54] Jdem. Journ. of Nerv. and Meni. Dis., 1907, vol. xxxiv, p. 14. 

[55] Idem. ‘Contributions from the William Pepper Laboratory of Clinical Medicine,” 1900. 

[56] Tarma. Deutsche Zeitschr. f. Nervenheilk., 1802, Bd. ii, S. 197 (literature to the date of 
this paper given by him). 

(57) TuonsPEOEEN. Jahrb. f. Kinderheilk., 1912, Bd. Ixxvi, 8. 800. 

[58] Wome. Arch. f. Psychiat., 1007, Bd. xlii, 8. 960, 

[59] Woops. Journ. of Nerv. and Ment. Dis., 1911, vol, xxxvill, p. 582. 

[60] ZaTELLI. Arbeiten a. d. Neurol. Inst. Wren, 1912, Bd. xix, 8. 486. 


PUBLICATIONS REOENTLY RECEIVED. 


[Notes on a book under this heading do not preclude a 
subsequent review. | 


Vitalfarbing am Zentralnervensystem. Beitrag zur Physio-pathologie 

des Plexus Choroideus und der Hirnhdute. Von Prof. Dr. Epwin E. 

GOLDMANN. S. 60, mit 4 Tafeln. Berlin: Verlag d. K. Akad. 
d. Wissenschft. 1913; 


This work has become of pathetic interest from the untimely death of its 
author. In his researches on serous membranes and their functions in inflam- 
mation, he had been led £o lay stress on the presence of certain large granular 
cells, " pyrrhol" cells, and therefore examined the reactions of the central 
nervous system to trypan-and isamin-blue. If the staining material is injected 
nto the blood the choroid plexuses are stained, but the entire nervous system 
mains free from colouring matter. Thus he believed that the cells of the 
oroid plexus guard the central nervous system from the action of noxious 
terials circulating in the blood. When, however, the blue stain is injected 

the cerebrospinal fluid the whole of the spinal cord, brain-stem, and 
c nerves are deeply stained, and on microscopical section the ganglion-cells 
articular are seen to have absorbed the intra-vital coloration. The cere- 
ellum, cerebrum and nérve-roots escape. If the stain,is injected into the 
cerebral subarachnoid space, the colouring material then attacks the ‘cerebral 
hemispheres. 
The author holds that the cerebrospinal fluid carries on the nutritive and 
ET etory functions of the central nervous system, and that the whole of this 
"cire tion is guarded by the cells of the choroid plexuses from direct con- 
tinuity with the blood-stream. In inflammation of the meninges these 
conditions are changed, and the cerebrospinal fluid and nervous system may 
be flooded with abnormal substances. Directly the membranes are inflamed 
the "pyrrhol" cells appear in great numbers and act as phagocytes to the 
central nervous system. 
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Zur Psychopathologie des Alltagslebens. Von Prof. Dr. Siam. FREUD. 
Vierte, vermehrte Auflage. 8.198. Berlin: Karger, 1912. 


This is a new edition of Freud’s work in which he explains the acts of 
forgetting, of saying, reading or writing the wrong word, or of choosing the 
wrong object by normal human beings. Underneath each wrongly performed 
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“act lies an interfering complex. The one common character which underlies 
all such acts is the repereussion of incompletely suppressed psychical processes 
which, although not consciously active, have not lost all power to express them- 
selves on the activities of consciousness. A multitude of examples is cited 
for everyday De &nd MOD Prope Hana 


Papers on Psychoanalysis. By ERNEST Joss, M.D., M.R.C.P. 
Pp. 482.- London: , Baillióte, Tindall and Cox; 1918;  - 


This selection from the author’ 8 papers is Granada to follow the main lines 
of Freud's psychology ; but although it begins with an excellent short account 
of Freud’s views, it is occupied mainly with. - personal. experiences. of normal 
and ‘abnormal mental phenoniena. Dr. Jones deals with the psychopathology 
of everyday life, the pathology of morbid anxiety, ‘psychoanalysis 'i in its various 
forms, amnesia, dreams, and with,most of the questions that have been opened 
up by the work of Freud. The, book is extremely well _written,, and can be 
strongly recommended to those who wish to gain knowledge of this movenient 
in psychology from the point of view. ‘of an ardent disciple. 











Der Kopfechmers;, Von Dr. Beare iaa S. 182. Berlin: 
Springer, 1912. .- : . zu 


T 


The headaches of primary origin are divided into three groups: migraine 
the neurasthenic, and the so-called rheumatic! headache. Under migraine t 
author, like most Continental authorities; includes many periodic and bilate 
forms of pain in the head which do not” correspond strictly with what is 
rhigraine in this country ; for here migraine is usually employed. for a for 
headache mostly unilateral, and frequently accompanied by fortification- figu 
hemianopsia, or other visual phenomena of a high order.: The neurasthenie or. 
“ fatigue ” headache ist described, and he then passes.on to a.form of paid in the 
head which is scarcely recognized in this country. This is the “rheumatic” 
(“ Knótchen") headache characterized by small: thickenings in the 'eonnéctive 
tissue of the scalp and fascia covering the, muscles’ of the head:and neck/~The 
treatment to be employed in such cases is described, and’ several illustrative 
clinical histories are given in full. The author then passes to those Headaches 
produced by disease of internal organs ; this As~the weakest part’ of the book. 
He oloses- with a description of. headnolie in Infectipus ind: constitutional — 


- 


diseases... OMEN 


` Lectures on Clinical Psychiatry. By Professor EMIL KRAEPELIN. 
Authorized, ‘Translation from the‘ Second’ German’ Edition. 
Revised and edited by.THomas Jonnstonz, M.D. Third English 
‚Edition... Pp. 368. London : Bailliere, Tindall and Cox, 1918, 


E These are éssentially GERM] clinical demonstrations starting, from a ‘given 
patient, and developing the theme with the’ help of other examples. of the,same : 
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disease. The lectures on dementia prsecox and katatonia are particularly 
valuable, whilst every chapter contains many points of interest. The book is 
preceded by a tabular statement of Kraepelin’s Classification of the psychoses. 
The translation is excellent. 


Mind and vis Disorders: A Text-book for Students and Practitioners. 
By, W. H. B. Stonpart, M.D. Second Edition with illustrations. 
Pp. 518. London: Lewis, 1912. 


This excellent text-book has been brought up to date, and every chapter 
shows more or less extensive changes and improvements. It can be strongly 
racommended to students anxious to obtain a knowledge of the physical aspects 
of mental disease. 


Eléments de Sémiologie et Clinique Mentales. Par le Dr. Ph. CHASLIN. 
„Pp. 986. Pas: Asselin et t Houzean, 1912. 


Bitpap^ 10060780 ga elc 
wo hive text-book’ is based isthe: ‘clinical manifestations ‘of insanity; artanged 
partly under the 'càüse, such as alcohols ‘Or’ of ganic’ di&easó, and: partly under such’ 
headings as, "Folios , de pergéctition,’” AE ^ Folies diadotdantes, = “he. TO English. 
nany points of;comparison,with,similar works in: English, &nd German. ‚The 
uthor.'givös’an’ ‚Interesting account. from “personal experience, of. the progress 
views on hysteria i in ‚Paris from Charcot ito’ ‘the odern school. em. rds 
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Writers of "Original Articles and Clinical Cases” are supplied free of charge 
with 50 copies reprinted In the form in which the paper stands in the pages of 
"Brain." If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of the writers, 
from Messrs. BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street, 
London, W. ; "s 

Members of the Neurological Section of the Royal Society of Medicine can 
obtain the Index of “ Brain" for the Volumes I. to XXIII, inclusive, that is, from 
its commencement to the end of 1900, froni Messrs. MACMILLAN & CO., Ltd. 
St. Martin's Street, London, W.C., at the price of 6s. 8d., post ‚free. 


To those who are not members of the Neurological Section of the Roy 
Society of Medicine the price is 8s. Gd. net, and the volume may be obtain 
through any bookseller. 

EDITOR. 
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EXPERIMENTAL AND PATHOLOGICO-ANATOMICAL 
RESEARCHES ON THE CORPUS CALLOSUM.’ 


BY DR. C. T. VAN VALKENBURG, AMSTERDAM. 
(From the Central Dutch Institute for Brain Research.) 










INTRODUOTION. 


ON separating the two fore-brain hemispheres of any mammal, 
the corpus callosum becomes visible; its position between the two 
alves of the brain at once suggests that it serves as a connecting link 
etween the hemispheres. 

There is no doubt that certain bundles exist in this mass of fibres, 
e origin and termination of which lie on the same side of the middle 
e. These are the fibres which belong, in the wide sense of the term, 
the olfactory system, i.e., the fornix longus, tenia tecta, and the 
i Laneisıi. These fall outside the province of this research, which 
nfined to what is commonly understood as the corpus callosum, 

that is to say, the chief interhemispherical commissure of the neopallia. 

The term commissure may either be understood to mean a 
_ connexion of. corresponding regions of the opposite hemispheres . 
or, taking it in a broader sense, @ connexion in general of the one half 
of the brain with the other, through which both homotopical and 
heterotopical cortical regions are associated with each other. To give 
the word its full meaning it connotes an interhemispherical association 
system. - ) | 
Both interpretations are found in the literature, though it 1s not 
possible to state that they always rest upon conclusive anatomical 
or pathological evidence. The more modern writers embrace the 
latter opinion on the whole, chiefly on the strength of Cajal's histo- 
logical investigations; in small mammals, as the mouse, with the aid 
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of his silver methods, Cajal found that from cortical cells-axones arise, 
which either directly or as collaterals of projection and longer associa- 
tion neurons, pass to homo- and heterotopical points of the opposite 
hemisphere through the corpus callosum [4]. 

I believe that this conclusion concerning the ending of the callosal , 
fibres cannot be positively proved from normal silver preparations. 
Moreover, were normal histological investigations sufficient to place 
Cajal’s theory beyond all question, they afford very little evidence of 
the “associative " nature of the commissure. Cajal believes that the 
callosal fibres give off collaterals before ending, but these can be 
followed with certainty over very insignificant distances only in one 
section. Though strictly speaking the term association may be applic- 
able to such a connexion, it approaches more nearly to what one may 
consider as a commissure. In any case ib is evident that Cajal’s 
theories, although they may be perfectly correct, by no means justify 
the frequent assumption that heterotopical cortex regions of both 
hemispheres stand in connexion by callosal fibres with each other 
(Ascenzi [2] and others). 

In addition to Cajal’s and Koólhker's [20] histological resul 
certain morphological investigations support this view. Dejerine cit 
Schnopfhagen's [44] investigations in proof of heterotopical connexio 
but it need hardly be said that the antiquated and highly uncert 
" Abfaserung " methods of this writer cannot assist in the solution 
the point at issue. 

Other methods that have been employed to solve this problem 
be briefly considered. : f 

(1) Teratologtcal cases.—Agenesis of the corpus callosum has 
afforded little information on the normal course of the callosal fibres. 
In the first place there are generally other developmental disturbances 
in the brain which make it very difficult to arrive at definite conclusions ; 
and when no other disturbances are present, the difficulty remains as ' 
to whether the corpus callosum was actually absent, or whether it had 
not reached the opposite hemisphere. ‘ This question is closely con- 
nected with the significance of the ‘so-called “ Balkenlängsbundel” 
(Probst [40]). As regards the extensive literature on this subject, 
I refer for instance to Marchand |29]. The latest contributions to 
‚the subject, those of Stócker [48] and Landsbergen [22], are of no 
assistance in the solution of:our problem. 

(2) Embryology.—Neither the study of the primary development of 
the commissural system (His [16], Zuckerkandl [58, 59], Goldstein 
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[19], Langelaan [23], and others), nor of the myelogenesis of the 
corpus callosum, have thrown more light on the origin and termina- 
tion of the commissural fibres. 

(3) Secondary jibre-degeneration.—The early investigations of 
-Forel [9], v. Gudden [49], and v. Monakow [50] showed that after 
extensive lesions of one hemisphere, degeneration ensued in the corpus 
callosum, which could not be followed by v. Gudden’s method, nor, as 
Sherrington [47] and Langley and Grünbaum [24] found, by the 
method of Marchi, to the cortex of the opposite side. Experimental 
section of the corpus callosum also threw no light on the course of the 
fibres.  (Muratoff [36], Lo Monaco e Baldi [84], Levy-Valensi [26].) 
Lo Monaco e Baldi's conclusions chiefly concern the question as to 
whether the tapetum of the posterior horn in the cat belongs to the 
corpus callosum. Muratoff concluded that heterotopical connexions are 
present in the corpus callosum in the dog. Liévy-Valensi agrees with 
this statement, without, as far as I can see, giving reasonable grounds 
n support of it. 

It is generally accepted that extensive unilateral cortical lesions in 
e human brain cause atrophy of the corpus callosum, which is practi- 
ly parallel ‘with the extent of the destruction of the cortex, but 
twinkel’s [18] conclusions are at variance with this. Presumably 
ause lies in the final complete disappearance of the degenerated 
sal fibres. Exact details concerning the areas of the cortex of the 
ite side, which are reached by the degenerated fibres, are, however, 
It is unnecessary to discuss the views which have been put 
orward by different authors. According to Anton u. Zingerle [1] a 

considerable fibre radiation from the frontal lobe of the one hemisphere 

attains the distal part of the cortex of the opposite side. Probst [41] 

makes a similar statement.  Dejerine's [6] detailed analysis of the 

callosal fibres and their relation to certain cortical regions is based on 

- cases in which the degeneration of the corpus callosum was probably 

primary, and is therefore not wholly convincing. On the other hand, 

one finds of late only one positive assertion that the corpus callosum 
unites homotopical regions only of both hemispheres (Niessl von 
| Mayendorf [38]), and that is based on the study of degeneration 
preparations. Similarly, the numerous cases of primary lesions in the 
corpus callosum have, so far, not contributed to a better knowledge 
of the manner in which the hemispheres are connected with each 
other. (Ransom [42], Mingazzini [81], Marie et Guillain [30], 
Gianelli [11], Ascenzi [2], and others.) : 
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The question as to which cells of the cortex the callosal fibres pass, 
is briefly considered by Dotto and Pusateri [7]; they place them, from 
the examination of Marchi preparations, in the third layer, but what 
these writers mean by the third layer is not certain, and they give no 
illustration of their preparations. 

Lévy-Valensi, after section of the corpus callosum, could trace the 
degeneration into the layer of the “large pyramids” but not into that 
of the lesser pyramids. It is not apparent what he desires to convey. 

I know of no degeneration investigations on the human brain which 
have led to any positive result. 

(4) Retrograde cell degeneration (axonal reaction).—This method 
has been little employed, either after experimental section of the corpus 
callosum, or morbid lesions therein, to determine whether cells of any 
definite region or character show a reaction. Observations on the 
cortical cells in cases of agenesis of the corpus callosum permit no 
conclusions. I will discuss later.my own findings on the rabbit and. 
cat, and those of de Vries on the mouse. 

Thus, our exact knowledge ‘of the interhemispherical callosal fibr 
is less than one might suppose. 

Whether the commissure connects homotopical or heterotopi 
regions is so far uncertain; from what cells its fibres arise, and a 
which cells they end is also undetermined.: And even the state 
that all brain convolutions, except the olfactory region, are conne 
by the means of the corpus callosum, is open to question. Indee 
1891 Beevor [3], in a very careful anatomical study, found the 
calcarins cortex of the marmoset monkey Is not connected by a icom- 
missure with the opposite side. In later publications this theory, if 
mentioned at all, is considered absurd, but actual proof of its iapfariey 
is nowhere to be found. 

. Equally little of importance is known of the manner in which 
a possible heterotopical commissure unites the two brain hemispheres. 
And yet in view of certain clinical and experimental observations 
of recent years, it is of the highest importance that we should have 
better information on this matter. I refer here to two groups 
of clinico- pathological and experimental investigations, namely, 
Liepmann's [27] study of apraxia callosa, and the effects of section 
or stimulation of the corpus callosum. 

A number of cases have already been published by Hartmann [14], 
" Liepmann u. Maas [28], v: Vleuten [56], Goldstein [13], and others, in 
which apraxia of the left extremities was probably a result of a lesion 
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in which layer of the cortex they end. | 

tions has been already published in part [54, 

cation will be referred to for minor details, but the facts obtained by 
operation on rabbits and cats are here repeated; the changes found in 
the mouse do not differ essentially from those in the rabbit. 















Rabbit 

The section was made either in the median line between the two 
hemispheres, or close to it. Nissl’s and Weigert-Pal’s methods were 
employed in the investigation. For cell changes, that hemisphere in 
particular was examined which was not injured by the operative lesion. 
. The corpus callosum was divided either by incising the dorsal 
surface of the pallium and the white matter, including the corpus 
callosum beneath it; or a sickle-shaped knife was inserted through the 
zus callosum into the lateral ventricle, and then drawn backwards 
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| peration causes no other  . 
disturbance if the knife is, as far as possible, taken out in exactly the . - 
same place as it was inserted. The consequences of such a section - 
is shown in fig. 2. . It will be seen that the fibres of the internal capsule 
and corpus callosum are cut through in the dorso-median part of the 
right hemisphere. : | Ä 
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On comparing fig. 2 with a photograph of a normal section at the 
same level (fig. 1), the smaller bulk of the centrum ovale in the left 
hemisphere is evident. The part which normally borders the ventricle 
medio-dorsally and laterally, has disappeared, except a small remnant, 
which is the fasciculus subeallosus. In the lateral direction the white 
matter increases rapidly in bulk; this shows that the callosal fibres, 
shortly after having crossed the median line, pass through the centrum: 
ovale to the cortex. There is no area of degeneration in the central 
white matter; evidently the normal myelinated fibres come together 
as the degenerated fibres disappear. I may add that Marchi prepara- 
tions from other rabbits operated on in the same way, led to the same 
result as regards the course of the fibres. The degeneration shown up 
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Fig, 3.—Rabbit: division of the corpus callosum in the left hemisphere. 
. | fig. 2; more strongly magnified. 
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Fia, 4,— Rabbit: normal Right half of fig. 1, 
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Fic. 6.—Rabbit: divisions of cerpus callosum. Field 1 + 3 (Brodmann), Toluidin blue, 











are stained with the toluidin-blue solution. The same cells may 
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Fic. 7. —Rabbit.- Extirpation of field 1. + 3 (Brodmann) i in the left hemisphere, 
Field 1 + 3, right hemisphere, Toluidin blue. 
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. immediately. | above. the occipital part c of the ventricle ot e of ph 


- fibres. palely stained by hematoxy lin. (fasciculus subcallosus, Muratoff), - 


which. possibly stand in connexion with the nucleus. caudatus and the — 
|. subependymal grey matter. They degenerate partially on the side of 
the lesion particularly when the nucleus caudatus is injured, and they Um 
fin dubie on ithe cac side, : Close. to the median li ne all the 












a cor bers: there is no question. ot being able to follow. a | typical. Marchi, e 
. degeneration of the radiary . fibres. high up into it. Portions of the — 
cortex behind the operated region dte entirely fr e e rom. oode 
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E Gem ~gallosum from which the forceps and. tapetum. originate can be followed with : 
N _ absolute certainty from the forceps corporis callosi. up to the occipital pole a 
bir seen ene fibre, bundles Sta gradually: E pem 
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. 14.—Case. 3. Anophthalmos; regio. calearina, ca = sulcus 
HO. e : éalcarinus. ce = callosal radiations i in field. 18. 
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Fe, 17.— Case 4; M — softening. V = lateral ventricle, ‘Degeneration strip from 
: M to the cortex of the precentral gyrus, | 
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18.—Case 4. Pree ntral gyrus, upper part. Fan 
ES radiary fibres between 1. |... = 





In a: section 2/2 mm. in front of fig. 18 the effect of the vascular lesion has | 
disappeared ; the degeneration strip in the centrum ovale and the white matter of 
this convolution is scarcely visible, though the callosal softening is utalteredi ^ 
Only the. d cortical rays that reach the ‚super "diary network ha 
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Precentral gyrus, middle part, left. The long intracortical l 
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| A as lion iem the aniar P a the eniai en fusitormis ad lobus lingualis 
NW ol the right hemisphere which also involves the ventral (horizontal) part of the 


. | sagittal strata. | 


There. is very little known of the history of this. patient; ve was 
| " demented " and too confused to be examined. The part of the brain which 
: is of special inter est is the Rolandie region, and the cortical lesions i is in the left. 
gyrus centralis anterior (fig. 91) In the anterior. central convolution. two. 

all softenings : are seen, fro om which two narrow strips can in be followed to the 


Üpper "s of the | right pre 
of long cortico: 


- dorso- lateral angle of the ventricle; during their course they becoine: na U 
| smaller; especially as they pass. ‚through the corona radiata. — Part ‘of the 
-. degeneration can. be followed into the supraventricular: part. of the corpus 
callosum, in which it speedily disappears. "We bave here à combined cortico- 
‘Tugal. fibre- degeneration. of the projection and commissural systems. The 
other strips of.degeneration, running more or less ‚parallel, come from more. 
frontal x situated cortical lesions and follow: E similar gon 2 3, M When we 
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Ss that it bas probably numerous c connexions with the cortex of the fronto 

: parietal region and with the basal ganglia. - we. 
- My ease enabled me to confirm this latter. view, as. owing to the ^ 
, | degeneration. of a large part of the white matter of different con- . 
- - volutions, the remaining fibres could often. be followed. over à consider-. | : 
able extent in one section. Fig. 24 shows a part of a frontal section 2 
e through both hemispheres ; only the most ventral part of the left. gy rus . 
centralis. anterior and the upper and the middle portions of the gyrus ic 

























us 24.2 Case 6 ae = fibres trom cortex to fnacionlig subéallos sls (partly: degenerated) : 


: aud io eorpus callosum, se = fa iscieulus subcallosus. .Ssb = stratum sagittale iterum, 
a Bi m v pyramidal tract, | . 3 ju E aes 


p Montale + are “situated in this: plane. u gr reat portion of. ihe corona . 
C radiata is degenerated, but projection- -fibres from the gyrus centralis c 
. anterior (facial and tongue centres) persist... These pass transversely Y 
through the dorsal part of the external capsule, and dorsally to ‘the * 
. mueleus lentiformis to the lateral: part of the internal capsule. . E 
2 ‘Separated from these by a broad pale zone the medial fibres of the 
: aroa radiata pass to medio- dorsal portions, of the frontal gyri. Both 
bundles are traversed vertically by finer fibres, but the latter are 
partially. degenerated, and only certain. bundles. are preserved. "They 















theg gyrus centralis anterior to the fascicilis ralo where ‘they a 

- terminate. abruptly. dn. the most dorsal part of the figure one seos.: S 
_ better preserved. fibres coming in exactly the same manner from E’; 
_ these can be also partly follow ed to the fasciculus subcallosus, par tly 
to the lateral region of the corpus callosum, a i à similar connexion 
xists with F In fig. : 25, from a section 1'2 cm. in front of the 
former one, the fasciculus: subeallosus | is greatly increased in. volume. | 
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Fic. 95. dase 6 p = fibre ss from cortex rA dseióubis sunca llosus (partly degenerated) | 
; nd to corpus. callosum, ge = fasciculus 'subeallosus. gel at” iratum sagittae d internum, ; 
[du ” Dgencinten put: of fasciculus Subcallonus.: | En | 





The lateral part. of p is s partially deuenerabed in “consequence of the. 
- subcortical cyst in F* and E", and a pale. strip can be traced from it to 
the fasciculus subcallosus. d | Qu. 

Similar connexions. between all the fronto-parieial convolutions and 
the fasciculus ` subcallosus. can be seen further posteriorly where this 
t latter extends, behind. the nucleus caudatus, into the “ substance sub- 
_ ependymaire ” (Dejerine). "The,same connexions, less in number, exist 
between cortex and the fibre. mass ‚along. the posterior, horn (part of 
E the tapetum). m uw P | 
The fasciculus su callo 
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Callosal fibres can be far less distinctly followed into the cortex in 
. the regio Rolandica than in some parts of the occipital lobe. In this 
region there is a well-defined isolated system (forceps-tapetum), and 
with a.favourable plane of section and proper staining the fibres can be 
continuously followed into field 18, and possibly elsewhere. But the 
fibres of the body of the corpus callosum cannot be traced' directly . 
to the cortex in transverse sections; part of these turn ventralwards 
round the lateral ventricle, mesial to the corona radiata, but the greater 
part pass dorso-lateralwards and in an oblique sagittal direction. I can 
confirm the description of Anton u. Zingerle [1]. Moreover the ending 
in the cortex of the fibres that ascend vertically from the lateral part of 
the corpus callosum, is far more diffuse than 1n the occipital lobe. 

The cortical lesions in Case 5, particularly those in the anterior 
central convolution, and the secondary fibre-degeneration resulting 
therefrom, prove that cortico-fugal callosal fibres run in compact 
bundles between the cortex and the lateral portion of the corpus 
callosum; they run almost vertically to it. Further, as Case 6 shows, 
there is a great danger of confusing the association fibres of the 
fasciculus subcallosus with true callosal elements; this error is the more 
possible, as the fasciculus subeallosus is covered by callosal fibres over 
a greater area than one would believe from normal preparations. In 
this respect thé sections of Case 4 are important. Indeed, while the 
corpus callosum was completely destroyed in the Rolandic region of the 
right hemisphere, the fasciculus subcallosus was practically intact. 
Bundles which could be followed, however, from the cortex to the cyst 
were evidently destined for.the corpus callosum. These degenerations 
were remarkably similar to those in Case 5; this was in consequence 
of the small cortical lesions which produced a corresponding fibre loss. 
There is, however, a distinct difference; in Case 4 the fibre loss extends 
further than the cortical disturbance, and, as fig. 18 so strikingly shows, 
the degenerated radiary fibres occupied a fan-shaped area towards the 
cortex. The conclusion one would easily draw from a study of the pre- 

~ paration from which fig. 18 is taken, is that the degenerated fan consists 
of degenerated cortico-petal callosal fibres, resulting from the  callosal 
softening. The fact that a cortico-fugal callosal degeneration (Case 5) cer- 
tainly produces exactly the -same fibre loss in the centrum ovale must, 
however, act:as a deterrent from drawing such a conclusion. Moreover, 
a further. investigation of the series will prevent us from doing so, 
a cortical lesion being found in the immediate proximity. This justifies 
- the conclusion that the ‘same part of the gyrus centralis anterior, 
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from which compact fibré bundles arise, also receives cortico-petal ` 
commissural elements. 

_ "When a lesion which does not involve the cortex produces an isolated 
commissural degeneration, the disappearance of the cortico-petal callosal : 
fibres alone is not sufficient to cause a well-defined tract of degeneration 
up to the cortex. It necessarily follows that the callosal radiation must 
be more or less diffuse. Case 4 (fig. 18) proves, however, that in the 
gyrus centralis anterior this diffuse character is not absolute, as callosal 
fibres from the one hemisphere end where other callosal fibres arise. The 
latter, however, are fewer in number; it is evident that the cortico- 
fugal degeneration nowhere consists exclusively of commissural fibres. 
It thus follows that besides a homotopical connexion, which must 
certainly be admitted, there is also a heterotopical one. I cannot make 
out in what relation the termination of these fibres stand to the place 
of origin of the callosal fibres. It was only in the gyrus centralis 
anterior that I could with certainty determine the close correspondence 
in their origin and termination. The illustrations of cortex of the 
undamaged hemisphere in Cases 4 and 5 show this also. Moreover, 
the preservation of the short cortico-fugal cortical radiations, and the 
disappearance of the longer cortico-petal rays, are here visible. It is. 
evident that the cortical fibre degeneration due to the callosal lesions is! - 
equally diffuse in the gyrus centralis posterior, while the local loss of 
fibres is less circumscribed than in the gyrus centralis anterior. I 
cannot determine with certainty the origin of callosal fibres in the 
gyrus centralis posterior. In the cases with cortical lesions, such as 
those described in gyrus centralis anterior, I never saw such distinct . 
fascicular degenerations. 

I believe I may be justified in stating that in the postertor central 
convolution :— 

(1) The relation of the origin and termination of the callosal fibres 
is not definitely local. 

(2) The ending of these fibres is relatively diffasé. 

(8) Fibres end here which come from the .contra-lateral gyrus l 
centralis anterior, and to some extent at least the origin and termination 
both in front and behind the sulcus centralis are situated in the same 
horizontal level. 

On the other hand, the antertor central convolutions are :— 

(1) Connected homotopically, in the sense that the origin of cortico- 
fugal fibres is more or less surrounded by a radiation of fibres from 
the homologous spot on the opposite side; it is doubtful if there 
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exists a heterotopical connexion between the gyri centrales anteriores; 
I have no argument in favour of it. 

(2) They are connected with the contralateral gyrus centralis 
posterior in the manner described above. “he fibres which form this 
heterotopical connexion are apparently far more numerous. . 

It is possible that the relations of the callosal rays in the prefrontal 
gyri can be better followed than those of the centro-parietal region, 
owing to the more sagittal course of the commissural fibres around the 
cornu anterius, resembling in this respect the forceps and tapetum in 
the occipital lobe. I have, however, not been able to collect such 
positive information with regard to the frontal lobe as Case 1 afforded 
of the relations of the commissural fibres to Brodmann’s field 18. It 
was only the region of the base of the third frontal convolution in 
Case 6 which could bring light to bear on this. In the first place it 
results from these preparations, that, even when there is not a primary 
callosal lesion, the great commissure decreases very considerably in 
volume owing to the destruction of a part of che centrum ovale and of 
the centro-parietal region, as indeed might be expected. It is very 
difficult to follow in continuity fibres from the frontal and temporal con- 
volutions in the corpus callosum, but it is certain that they have a very 
similar course to those that definitely run medialwards into the complex 
of the fasciculus subcallosus. In Case 6 it is not possible to determine 
whether in certain places these radiary fibres pass into the corpus 
callosum or into the fasciculus subcallosus. In the dorsal part of figs. 
24 and 25 fibres to both destinations may be seen. It ıs very likely 
that the termination of commissural fibres is diffuse on the opposite 
side. There is, however, such a doubtful loss of cortical fibres in the 
uninjured hemisphere that one must suppose that here, even to a greater 
degree than in the Rolandic region, the commussure does not connect 
homologous parts. More than one preparation led me to suppose 
that a part of the corpus callosum serves to connect the neostriata on 
each side, that 1s the nucleus caudatus and putamen nucle lentiformis. 
But I have not been able to find cell degeneration of these ganglia 
which would be a convincing proof of this. In analogy with the 
archistriatal commissure which connects the nuclei amvgdale, and a 
possible commissure between the paleostriata in Meynert’s commissure, 
such a connexion of the phylogenetically most recent parts of the striatum 
would not be improbable. In any case there is a considerable number 
of fibres in the corpus callosum which unquestionably passes from the 
one hemisphere to the other, the origin and ending of which we do not 
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know with any degree of certainty. On these grounds the statement 
that the corpus callosum simply connects the cortex of both sides, either 
homotopieally or heterotopically, or in both ways, must be abandoned. 

The height to which the cortico-petal callosal fibres ascend ın the 
cortex is indicated by the preparations from which figs. 19, 20, 22, 23, 
have been taken; in these either the short fibres are intact, or smaller 
proportions have disappeared than of the long ones which reach into 
and above Brodmann’s layer LV. i 

I have been unable to determine with certainty from these investiga- 
tions on human brains from which cells of the cortex, or from which 
layers, callosal fibres arise. It is certain that the giganto-pyramids of 
field 4 (Brodmann), in the cases where the gyrus centralis anterior was ` 
completely separated from the centro-parietal callosal radiation, have not 
suffered appreciably. I have bad no opportunity of investigating the 
remaining cortical, areas in cases of isolated callosal lesions with 
satisfactory cell-staining methods. 

The cell changes discovered in the deeper cell layers in the. experi- 
mental observations on the cat, rabbit and mouse, were possibly only 
temporary. 

Various remarks have been made already concerning the physio- 
logical significance of the callosal fibres of the “ parastrial” part of 
field 18. An attempt has been made to explain the fact that the 
primary visual cortex is not commissurally connected with the opposite 
side, while the surrounding region, which is closely associated with eye- 
movements, has commissural fibres. In the remaining portions of the 
occipital cortex the callosal ending appears to be diffuse. A relatively 
circumscribed termination of callosal fibres occurs in the Rolandic zone, 
from which compact cortico-fugal bundles—consisting of commissural and 
projection fibres (including the pyramidal tract)—arise. According to 
Mott, a direct influence of corresponding points of the “ motor ” cortex 
on each other appears to be certain, while the connexion between the 
gyrus centralis anterior of the one and the gyrus centralis posterior of 
the other side seems to be more diffuse. As already stated, the origin 
and ending of this connexion lies in about the same horizontal plane, 
both in front and behind the fissure of Rolando. 

The posterior central convolution is above all a primary cortical 
sensory centre, and contributes in large measure to the building up and 
the regulation of the movements which are innervated from the gyrus 
centralis anterior; these motor impulses descend from the giganto- 
pyramids of the fifth cortical, layer. Both homotopical commissural 
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impulses from the contra-lateral anterior central convolution to the 
superficial layers of this motor field, and the heterotopical impulses 
from the same region, to the adjoining part of the posterior central 
convolution, may also contribute to the elaboration of the motor 
impulse. 

The inability to follow the commissural connexions of the frontal 
lobes, even though they probably exist, adds to our ignorance of the 
functional significance of these regions and renders physiological con- 
clusions on this part of the corpus callosum impossible. 

A few clinical remarks were made in the introduction on the 
pathology of the corpus callosum. It is remarkable that of all the 
symptoms described in cases of callosal lesions very few may be 
ascribed, with any degree of certainty, to destruction of the commissural 
connexions. Perfectly isolated callosal lesions rarely, if ever, occur, and 
the total absence of this great commissure does not necessarily cause 
any typical symptom. I therefore neglect many intrinsically interest- 
ing communications of cases in which, in addition to other disturbances, 
the corpus callosum was absent, and where possibly a special symptom 
might be ascribed to this. It must be admitted that the symptoma- 
tology is very variable. Practically only those cases come under con- 
sideration where either an isolated, or more or less local, callosal 
softening existed, or in which by a softening in one hemisphere, a 
function was disturbed, which is not under the control of that hemi- 
sphere alone. Such disturbance, when remote influence by a tumour, 
&c., may be excluded, can only be explained through the commissural 
fibres. 

In the first place my investigation offers an anatomical explanation 
of the well-known fact that in cases of cortical epilepsy the excita- 
tion of a motor centre in the affected hemisphere, can cross through 
the corpus callosum to the homologous centre in the healthy hemi- 
sphere. If the progression of the convulsions from the one side to the 
other is not accurately homotopical, as 1s indeed often the case, it 
may be assumed that the excitation of the centre first affected was so 
strong that the irritation spread directly from here to the homologous 
region of the opposite hemisphere. 

Indirect apraxia (apraxia callosa) of the left extremities which 
Liepmann has described, is assumed to be due to a lesion of the 
commissural connexion between the left and right sensorio-motor 
centres. This view, put forward by Liepmann, is closely connected 
with his statement that the left sensorio-motor centres have a primary 
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role in evoking more complicated actions. in general; even the move- 
menis necessary for given action of the left limbs are inhervated 
from the right hemisphere. The result of my anatomical investiga- 
tions, that there exists.a connexion between the gyrus centralis 
- anterior and the two contra-lateral central convolutions, may assist 
in the explanation of the fact that this indirect apraxia itself can be 
considered as a ''cortical"' disturbance (''gliedkinetische, innervatori- 

sche Apraxie’’). The movements of the left arm are then not disturbed - 
in consequence of a deficient formulation: of the “ psychic plan,” nor 
by the ineffective transmission of the “plan” to the region, whence . 
the execution takes place finally, but by the inadequate execution 
of the action itself, as this depends on the adequacy of the imme- 
diately preceding intra-cortical activity ; but this must not be confused 
with the regulating impulses from the immediate proximity, the dis- 
turbance of which produces cortical ataxia. In Case 6 only two- : 
handed movements’ were disturbed, not only because these needed the 
co-operation of the apraxic right hand, but because the functions of 
the left hand were primarily affected. All remaining actions of the 
left hand, as far as they could be examined in the aphasic patient, 
were quite normal. 

In addition to the complete apraxia, there was-a strong disin- 
clination to make any movement of the tight hand or arm. Whether 
-Ms Innervation was affected by the extensive centro-parietal, or by the 
frontal softening, as Foerster [8] and others seem to believe possible, 
. it is certain that the initiative of the left arm and hand was not 
lessened by these large lesions. "There, can be, in any case, no 
question of a unilateral " eupraxic-centre." 

Finally, there is the question as to the causes of mind-blindness. 
A lesion of the posterior part of the corpus callosum is generally 
considered, at least partly, responsible for this. If this assumes that 
it is due to the commissural connexion between two primary visual 
fields (ares striate) being disturbed, the view is untenable, as it is an 
anatomical fact that no such connexion exists. If the chief cause of 
mind-blindness is to be sought in a lesion of the callosal fibres, it must 
be of those that connect other parts of the two occipital lobes, — 
and it is certain that fields 18 and 19 (Brodmann) receive and give 
"rise to parastrial radiations. These regions of the cortex comprise the ` 
“visuo-psychic area” of the English authors (Bolton, Mott, Campbell). 
It is certain that these fields co-operate with the area striata in the 
higher visual functions. They are, moreover, phylogenetically more 
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recent than field 17, and increase relatively in the higher mammals. 
Parallel with this the occipital callosal fibres become more abundant. 
The exactness of the hypothesis of Niessl v. Mayendorf, that in 
visual function the left hemisphere predominates over the right, and 
localized softenings of the pole and ventral part of the occipital lobe 
(“left macula centre”) may cause mind-blindness, can be determined 
only by fuller clinical and anatomical investigations. 

" One will then have to reckon with the fact that the area striata 
has, no’ commissural connexions. 
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SENSORY CHANGES IN FRIEDREICH’S DISEASE. 
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Medical Regist: ar to the National Hospital, Queen Square. 


THE sensory changes in Friedreich’s disease have been studied 
by several observers. Noica, in two cases of the disease that he 
examined carefully, found very considerable loss to different forms of 
sensibility. Egger, in his investigations of “ osseous sensibility,” con- 
sidered that this is regularly affected in Friedreich’s disease. Other 
investigators have from time to time reported cases in which & certain 
amount of sensory loss was present, and cases indeed with some sensory 
loss have been ‘mentioned incidentally from the time of the early 
differentiation of the disease from tabes dorsalis, and its occurrence 
is referred to in most neurological text-books. 

The classical description of the disease, however, while admitting 
that loss to some or all forms of sensation may occur, regards it as 
altogether an unusual and exceptional feature, notwithstanding the _ 
fact that one of the great sensory paths of the cord is the chief site . 
of the pathological changes that are present in the disease. A series 
of systematic observations, therefore, on a considerable number of cases 
of Friedreich’s disease would seem justified, in order to see how far 
the classical description of the disease holds in the light of our present 
knowledge concerning the different forms of sensibility. 

The chief aim, however, in undertaking this work has been the 
important question of sensory conduction in the cord, as the more recent 
work of Petrén, Rothmann, Head and his collaborators, and other 
investigators make ıt probable that impulses underlying the sense of 
position and appreciation of passive movement, the recognition of two 
compass-points simultaneously applied to the surface of the body, the 
appreciation of vibration, and the recognition of size, shape, form, and 
weight, and possibly of roughness and texture, are conveyed through 
the dorsal columns, tracts of which there is systematic degeneration in 
Friedreich’s disease. 

Most investigators now agree with the view that the dorsal columns 
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furnish the principal pathway in the cord for the conduction of the 
impulses that subserve muscle-sense, meaning by that term chiefly the 
sense of position in space and the recognition of passive movement. 
Petrén concludes from his examination of cases of stab wounds involving 
the spinal cord that these impulses pass up the cord uncrossed in the 
dorsal columns and in the dorsal spino-cerebellar tracts, but the view of 
Head and Thompson, based on their investigation of the grouping of 
sensory elements in Brown-Séquard lesions, that the dorsal columns 
subserve the conduction of the impulses underlying the recognition of 
position and movement that pass to consciousness, while the spino- 
cerebellar tract is concerned with those impulses that are responsible for 
the unconscious maintenance of equilibrium, seems likely to be the more 
correct, and Thompson has adduced later clinical and pathological 
evidence from a case of Combined Degeneration to show that the sense 
of position and recognition of passive movement may be grossly affected 
by a lesion limited to the long fibres of the dorsal columns. 

Head and Thompson have shown also that the recognition of com- 
pass-points simultaneously applied is dissociated in the cord from tactile 
sensibility, and passes up uncrossed in the dorsal columns, while Bing 
has brought evidence that the impulses that subserve the appreciation 
of vibration also pass up the homolateral side- of the cord, and therefore 
must be conducted by the dorsal columns. 

The investigations of Head and Holmes on Brown-Séquard lesions, 
cited in their paper, go to show that not only do the knowledge of 
position and passive movement, the recognition of two points, and the 
appreciation of vibration depend on the integrity of the dorsal columns, 
but that the recognition of size, shape, form, and weight, and the 
appreciation of consistence and texture are affected in common with 
these other elements of sensibility, and the impulses which: underlie 
them would seem, therefore, also to be conducted by the dorsal tracts. 
Thompson also, in his case, noted that the recognition of weight was 
grossly affected, as well as the appreciation of position, movement and ` 
double contacts. I have had the opportunity, moreover, of seeing 
, recently another, as yet unpublished, case of cervical Brown-Séquard 
lesion, studied by Dr. Holmes and. Dr. Head, which goes to confirm the 
view that the impulses which underlie recognition of size, shape, form, 
weight, consistence and texture, as well as the appreciation of position, 
movement, simultaneous contacts and vibration, are conducted through 
the homolateral side of the cord. 
^ The impulses of light touch and pressure-touch are, according to 
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most of these observers, associated together in the cord. These impulses 
are conducted partly by an uncrossed path in the dorsal columns, mostly 
by & crossed path in the lateral columns (Petrén), or in the ventral 
columns (Rothmann). The localization of tactile sensibility 1s associated 
with touch and is mainly in the crossed pathway. | 

All impulses of whatever kind that are painful, all heat impulses and 
all cold, cross almost at once after a relay in the dorsal horns, and pass 
up the cord in the opposite lateral column, though possibly some of’. 
them pass without crossing by the lateral column of the same side. 

Systemic degenerations of the dorsal columns are not numerous. 
Tabes dorsalis, it is generally recognized, is, at least predominantly, 
a disease of the dorsal roots. In Combined Degeneration the process 
is probably not a true system degeneration but a funicular myelitis 
(Nonne). In Friedreich’s disease, however, we have a condition. which 
is usually regarded as essentially a systemic degeneration of the dorsal 
columns, even although the pathological changes are not limited to them. 

The changes in the dorsal column tracts are the most constant and 
most pronounced feature of the pathological anatomy of the disease, 
and are present in all cases. In the sacral and lumbar regions tliese 
tracts may be almost entirely degenerated, but higher in the cord the 
degeneration in the column as a whole is not so marked. In the dorsal 
and cervical regions, the root-entry zone seems considerably less affected | 
than the rest of the column; and the cornu-commissural zone, the areas 
immediately next the grey matter of the dorsal horns, and Lissauer’s 
tract may be scarcely at all affected. The degeneration in the other 
parts of the column; however, remains very severe throughout the whole 
cord. The long and medium fibres of the dorsal columns are therefore 
the ones chiefly affected, and the affection.of these may be so intense 
that scarcely a fibre may remain visible in cross-section: 

In the other tracts involved in the disease, the pyramidal and the 
spino-cerebellar, the degenerative changes are rarely so great as in the 
dorsal columns. The affection of the pyramidal tracts is most intense 
in the sacral and lumbar regions and diminishes as we pass up the cord, 
though in some cases it may be traced as far the pons or the lower 
part of the crus. The degeneration in the spino-cerebellar tracts, on 
the other hand, increases in extent and, degree, from below upwards and 
becomes'most pronounced in the higher cervical segments. 

As contrasted with the great affection of the fibres in these different 
tracts, and especially in, the dorsal columns, the changes in the cells are 
not so frequent or so pronounced. except, perhaps, in Clarke’s column. 
In some cases the spinal ganglion-cells are slightly atrophied and the 
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dorsal spinal roots and even the peripheral nerves may be involved. 
There is, however, no sufficient-reason to consider that the affection 
of the dorsal columns is secondary to a primary degeneration of the 
ganglion-cells or of the dorsal roots, for the changes in the roots are not 
nearly so’ definite, so frequent, or so intense as in the dorsal columns, 
and the affection of the ganglion-cells is slight and inconstant. 

The widespread nature of the pathological changes in this disease 
and its variable incidence on different systems of fibres in the cord are 
in harmony with the view that it is a true systemic degeneration of the 
long spinal tracts, and especially of the dorsal column system. But 
even if-the degeneration in the dorsal columns be regarded, not as 
& primary systemic one, but as due to an elective or chance degenera- 
tion in the dorsal roots, the existence of profound changes in these 
columns is by far the most outstanding feature of the pathology, and we 
should expect, therefore, to find in Friedreich’s disease those forms 
of sensibility disturbed which have been assigned to the dorsal columns, 
and disturbed in proportion to the intensity of the dorsal column 
affection. ' 

For the purpose of investigating this, I have examined systematically 
twenty cases of Friedreich’s disease. These were obtained from the 
practice of the National Hospital, Queen Square, and I must here express 
my indebtedness to the medical staff for permission to publish the results 
of my examination. To Dr. Gordon Holmes I am very specially indebted 
also, for constant help and advice throughout the whole investigation. 
All the patients examined presented the usual signs of Friedreich’s 
disease, the skeletal deformities, the absent deep reflexes, the extensor 
plantar responses, the nystagmus, and the ataxia so characteristic of the 
disease. 

The methods used in examining these patients were mainly those 
employed by Head and Holmes in their work on sensory changes in 
cerebral lesions, in as far as these were applicable. They had to be 
modified somewhat, because the symptoms in Friedreich’s disease were 
of course bilateral, and, therefore, there was no sound side which could 
be used as a standard of comparison to estimate the amount of loss 
present as in Head and Holmes’ work, where, the disturbance was 
unilateral. ` 

Tactile sensibility was tested by means of light touches with 
jewellers cotton-wool. It was not considered necessary or advisable 
to employ more elaborate methods, or to attempt to obtain thresholds 
by means of von Frey’s hairs. It was found that just as satisfactory 
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results could be got by means of the light cotton-wool as by von Frey’s 
hairs in the cases in which both were used and the results compared. 

Pressure-touch was examined by means of contacts with the observer's 
finger or other blunt object. The localization of tactile sensibility was 
tested usually by Head and Holmes’ modification of Henri’s method. 
Cutaneous sensibility to pain was examined by means of a pin-prick, and 
the appreciation of differences of temperature by means of tubes of hot 
and cold water of moderate degrees of temperature.  Pressure-pain was 
tested by noting the amount of pressure on the subcutaneous structures 
necessary to produce discomfort. Cattell’s algometer was used in many 
instances to test it, but was found so unsuitable for the character of the 
cases studied that its use was abandoned. 

The sense of posture was tested in the usual way by making the 
patient indicate by description or by imitation with the homologous 
limb the position in which any segment of the limb that was being 
examined was placed; or by making him point with one index-finger 
to the position in space of some fixed point, such as the tip of the 
opposite index-finger, or the heel or the toe of the limb under examina- 
tion. The latter method was naturally untrustworthy in cases in which 
there was either much ataxia or much loss of the sense of posture in 
the arms. 

The appreciation of passive movement was examined in the ordinary 
way also by moving any segment of a limb slowly and uniformly through: 
an angle sufficient to allow the patient to appreciate the movement and. 
recognize its direction. It is, of course, important that the necessary 
pressure made by the examiner in holding the limb should be varied 
as little as possible, lest the patient should become aware of the move- 
ment by adventitious sensations. Where the loss is considerable this 
rough clinical method is sufficient, though, of course, due weight must 
be given to the intelligence of the patient, to the readiness with which 
he can respond, and to his power of description. When thé loss is 
slight, however, it is essential to measure by some such instrument as 
that employed by Head and Holmes the number of degrees through 
which a segment of the limb must be moved in order to evoke apprecia- 
tion of movement and its direction, the figures thus obtained being 
compared with & corresponding set of nonaing® from a control patient 
or with the average normal, 

The recognition of two points applied simultaneously to the skin 
was tested usually over the palms of the hands, the palmar surface of 
the tips of the fingers, the soles of the feet, and in some cases the sur- 
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face of the forearm, of the leg, and of the thigh. In recording the 
patient's answer, ten double touches and ten single touches on each 
area were charted, according to the formula used by Head and Rivers, 
and, in order to compare the results with the normal, the maximum 
threshold, that is the smallest distance of the points apart necessary 
for a complete series of correct answers, was determined in each 
place. 
In testing the appreciation of vibration a large tuning-fork (C.° 128) 
was used. The fork was made to vibrate strongly, and was then placed on 
some definite part of the patient’s limb, and if he appreciated the vibration 
he was told to say immediately when he ceased to feel it. The fork was 
then transferred to the corresponding part of the limb of a control 
patient, and he was told to say immediately it ceased to vibrate. This 
was repeated several times, and the results were tabulated. 

In order to eliminate as far as possible the factor of physiological 
fatigue which might have accounted for the control’s appreciation of 
the vibration after the patient had ceased to feel it, a set of readings 
was taken in the reverse order, the fork being placed first on the control 
and then on the patient. These double readings could then be com- 
pared, and, if necessary, added together. Some precaution of this sort 
in testing vibration is the more necessary for, as Neutra has pointed out, 
even in the normal individual, vibrations may be appreciated on the 
one limb after they have apparently ceased on the corresponding point 
of the opposite limb. 

The recognition of form, shape, size, and weight was tested by using 
standard objects, such as those introduced by Head and Holmes. The 
ability to recognize form—that is, three dimensional objects — and 
shape—or two dimensional objects—is evidently not measurable, but a 
threshold to the recognition of size and weight can be obtained by 
ascertaining the relative difference that can be recognized in the size 
or weight of similarly shaped objects applied successively. ‘The appre- 
ciation of roughness was tested with Graham-Brown’s w#sthesiometer. 

Owing to the bilateral character of the symptoms, it was found 
necessary to introduce, especially in the cases where the loss was of 
moderate degree only, some method of control or some normal standard. 
It was found useful, therefore, to examine, side by side with each 
patient, & normal person, or one normal as far as’ sensation was 
concerned, of about the same age and intelligence as the patient, 
and to compare the different results of the examination as found 
in the patient with those found in the control It was considered 
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important, in order to strike a normal average, not always to use the 
same control, and in most instances, therefore, a different control was 
used for each patient. 

In all those forms of sensibility which were measurable, such as the 
appreciation of movement, the recognition of: compass-points, the 
appreciation of vibration, and the recognition of differences of size and 
weight, measurements over & series of readings in the patient were 
compared with measurements in the control. In this way slighter 
degrees of loss could be rendered apparent, ‘snd the subjective element 
on the examiner’s part eliminated as far as possible. 

It must be recognized, however, that although measurement may 
seem to make.the tests and conclusions, drawn from them more exact, 
there is considerable danger of error and confusion if proper precautions 
are not adopted. Measurements have a relative value only, as they 
depend largely on the intelligence of the pafient and the readiness with 
which he responds. This difficulty can be obviated, however, by the 
examination of a considerable number of petients and the employment 
of controls of the same social status, educazion, and intelligence as the 
patient. It is obviouslyampossible to attain accurate results in such an 
investigation as this if the measurable defects are compared only with 
such an average as may be obtained in a psychological laboratory. 

The following case will illustrate the meshods adopted in the exami- 
nation of the patients for this paper, and will show also the character 
of the sensory loss that is found in a: somewhat RS stage of 
Friedreich’s disease. 


A. H., aged 23, is the eldest of a family of four guided ; one of his sisters, 
aged 16, has Friedreich’s disease. ' 

When he was 7 years old his parents first noticed ist he was unsteady in 
his walking and seemed unable to stand properly. He was taken to hospital 
and was admitted for about six weeks. The unsteadiness in his gait, how- 
ever, continued, and his subsequent history indsed was mainly one of gradually 
increasing reeling and staggering with, at times, apparently acute increase 
following intercurrent illness. At length, a fev years ago, he became unable to 
walk at all, and now he can barely stand even with much support. His arms 
and his hands, he says, began to be unsteady ir their movements soon after hig 
legs were affected, and his speech, he thinks, gredually became jérky and diffieult 
after an illness at about the age of 16. Except for the intercurrent periods of 
illness, after which his legs would' always seem worse, his general health has 
been fairly good. , 

He is a thin, pale, rather undersized lac, somewhat sleepy looking, but 
quite intelligent. On examination he shows all the usual signs of Friedreich’s 
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disease, the nystagmus, the explosive speech, marked scoliosis, much pes cavus, 
absent deep reflexes, and extensor plantar responses. All his limbs are very 
hypotonic and there is much inco-ordination and over-action in the move- 
ments of his arms and legs. His legs also are weak and slightly wasted. His 
back is weak and the muscles there, too, lack tone, so that he is very unsteady 
when sitting up unless he has some support to lean against. 

His sensory loss is very considerable. 

In the upper extremities he could appreciate all light cotton-wool touches 
quite well, except on the distal parts of the back of the fingers and on the 
palms of the hands, that is on hairless parts. Over these areas there seemed to 
be some hypowsthesia. On the trunk his responses to cotton-wool touches were 
good. On the lower extremities he seemed to appreciate light touches quite 
well above the knees, but on the legs relatively heavy touches with cotton- 
wool were often necessary, and on his feet he missed many contacts, even when 
the wisp of wool was drawn to and fro. When some patches were shaved 
on the legs and thighs it was found that he could usually appreciate light 
touches even then, except on the lower parts of the legs, where he missed a 
considerable number. It seemed, therefore, that he had some tactile loss on 
his feet and the lower parts of his legs, the upper limit of which shaded gradu- 
ally into the normal areas higher on the limbs. 

Light pressure-touches with the finger were appreciated quite well every- 

where on the upper and lower extremities and on the trunk. There was no 
distal loss whatever on the limbs to this form of stimulus. 
. To pin-prick no definite loss was noted anywhere. He seemed to appre- 
ciate the point of the pin well, even over the legs and the feet, and he 
admitted no difference in sharpness when areas towards the distal extremity 
of the limbs were compared with areas higher up.  Pressure-pain readings 
taken with the algometer were undoubtedly high, especially on his hands, but 
making allowance for the variability of the results obtainable with this 
instrument, 1 could not say there was definite pathological loss. 

Tubes of hot and cold water of very moderate degrees of difference of 
temperature were always appreciated quite correctly, even over the distal parts 
of the legs. His answers to these, as to the pin-prick, were ready and accurate. 

In localizing any point stimulated on the surface of the body or limbs 
he made a few mistakes, but the errors were not definitely outside physiological 
limits. 

‘In the upper extremities there was very great loss of the recognition of 
position in the fingers of both hands. When asked he frequently said he had 
no idea of the position in which a finger was, and when told to imitate the 
position of the fingers of one hand with those of the other, he was often quite 
wrong. He had very great difficulty also in finding the position of one finger 
with the other when his eyes were shut, very much more than his ataxia would 
account for. As his arms lay by his side the fingers and even the forearm 
tended to move about irregularly, as is common in limbs in which there is 
severe loss of the sense of position. 

Passive movement was very poorly and very slowly recognized in the 
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fingers, at the wrists, and even, though in less degree, at the elbows on both | 
sides. A large range of movement could be passed through before he recognized 
that any movement had taken place; he did not, for instance, recognize passive 
movements of his right’ forefinger until it was moved through a much greater 
‘angle than normal, and when he did recognize that & movement had taken 
place he frequently could not tell its direction, This is well shown by the 
following readings of the angles subtended by the minimum movements of 
the forefinger necessary to evoke recognition in his case and in the case of 
a control patient :— 


. Control 
Extension | 1° .1° 19? <1° <1° 
Fiexion 1° 38 «1? 
I Patient 
Extension | 25° nil, 95? nil. 27°, 409? 30? nil. 
Flexion |^ — —  3209.809?mil 36. 809.9859. 395. 


In these readings the “nil” placed after the number of degrees means that, 
though at this number of degrees he recognized that a movement had taken 
place, he could not describe its direction; & query means that he was in doubt. 

In the lower extremities also there was very gross loss of the sense of posi- 
tion, and he had really very little idea of the position his foot occupied in space. 
He could recognize that his great toe on either foot was being touched when the 
examiner grasped it, but could not tell whether it had been, moved or not, and 
‘could not describe what position it was in at any given moment. His loss of 
recognition of position and of appreciation of passive movement at the ankle 
as well as in the foes seamed complete. At the knees the recognition of 
position and of passive movement was very poor, while at the hips the loss. 
was very much less, s 

The range of passive movement ai his knee necessary to evoke recognition 
and that in the ease of a control gave the following results: 


4 


Control 
Extension | <1° «19 «1? 1? 
lexion «1? 19 «19 «1? «19 1° 


Patient ` i 
85° nil. 98°, 86° nil. 28°, 95? nil. 
919. 17°. 21°, 19°, 15°, 


Extension 
lexıon 





His power of recognizing two simultaneous contacts was grossly defective. 
On the ulnar border of both palms he gave wrong answers with the compass- 
points even 7 om. apart, whereas the control gave a correct reading quite 
readily with the points at less than 1 cm. apart. The readings at 7 cm. on the 
right hand were :— | 

1| XII lI XXI I 
4| XXX I XX XIX I 


4 * 
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Over the palmar surface of the tip of the middle-finger of his left hand, 
where a normal individual will recognize simultaneous contacts with compass- 
points 2 mm. apart, he was grossly wrong when the compass-points were 
2 em. apart, the readings being 


1| XI XOX% I XX 
2|II XX  IXX Il IX 


and over his forearm he made many errors with the compass-points 15 om. 
apart. The loss was so great, therefore, that it was impossible over the hands 
to get & maximum threshold. Over the lower extremities also the loss was pro- 
found. - With the compass-points at a distance of 12 em. from each other on 
the sole the errors were so numerous that he was obviously guessing. The 
reading at this distance was 


i[x p xx T zur 
2|xX ID XI 

His foot was so deformed that this distance extended from the heel to the 
ball of the great toe, so that here too if was impossible to get a threshold for 
correct answers. The control gave ‘correct -answers readily over the sole 
. with the compass-points 8 em. apart. 

In the feet and up to the knees the appreciation of vibration was extremely 
poor. On different parts of the left foot, he could not appreciate even the 
-~ strongest vibration and on the right he could recognize it very slightly. On 
the left leg and up to the left anterior superior spine of the ilium he failed to 
.appreciate the vibrating fork at all, while on the right it evoked a slight sensa- 
tion only. Over the ribs on both sides he could recognize it, while on the hands 
‘again and the wrists and lower parts of the forearm on both sides there was a 
very large amount of loss. ` 

When his appreciation of form was ae tested, his answers were slow 
and were frequently wrong, even though the objects had all been shown to 
him before the examination began. Thus he made four mistakes out of twelve 
trials with the right hand, and seven out of twelve with the left. When he 
was given ordinary objects such as a knife or a coin that he had not been 
shown before the examination began, he fumbled with them and usually failed 
to name them. 

He was also unable to recognise two dimensional shapes on his palms, 
usually replying that "he didn’t know," or “he couldn't feel the shape of it,” 
or else answering wrongly and hesitatingly. 

His appreciation of differences in size was less disturbed, but showed 
definite defect. He nearly always recognized correctly a difference of 1 cm. 
in the diameter of two discs 3 and 4 cm. across, and sometimes distinguished 
between dises 3°5 and 4 em. in diameter. 

His appreciation of differences in weight showed definite defect. When 
100 and 200 grm., or even 50 and 200 were compared on his supported 
hand he was as often wrong as right, and even with 100 and 200 grm. 
tested on his unsupported hand half his answers were wrong. He was, how- 
ever, able to distinguish readily between 500 grm. and 100. 
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His threshold to roughness measured with the Graham-Brown sesthesiometer 
was & little high on the palm and sole, but not grossly so. : 


The sensory loss found in this patient then, briefly, includes slight 
, tactile loss over the distal parts of the upper and lower ‘extremities 
with preservation of the cutaneous sensibility to pain, temperature, and 
pressure-touch ; gross loss of the sense of position and of the recogni- 
tion of passive movement in the distal joints especially, in all the limbs, 
and severe disturbance of the appreciation of vibration and of the power 
of recognizing simultaneous contacts on the distal parts of the upper and 
lower extremities; with some defect or even marked loss in the recogni- 
tion of form, shape, size and weight in both hands. That is to say, the 
sensory loss falls very lightly on the sensibilities of touch, pain, and 
temperature, and very heavily on the elements of local and spatial 
. discrimination, those elements, in a word, whose spinal path has been 
considered to lie in the dorsal columns. 

A sensory loss similar in character to this would seem to occur 
frequently in Friedreich's disease. Out of the twenty patients examined 
for this paper, I found it present definitely in eighteen. It was not 
always so intense as in this patient, while in some others it was even 
more evident. The case I have described is obviously an advanced 
one, and I have purposely described it in order that the peculiar 
character of the sensory loss might be more easily seen. The patients. 
examined, however, represented all stages of the disease from the early _— 
to the late, and, in like manner, the sensory loss they exhibited is of 
. all degrees of intensity and varies from very slight to very great, but 
wherever it was present it always fell most heavily on those elements 
of sensibility chiefly affected in the case just described. l 

In the early stages of Friedreich’s disease no definite sensory loss 
may be demonstrable. One of my patients was a little girl, aged 7, 
who was a member of a family in which Friedreich’s disease occurred, 
but the only signs of it she presented were absent knee-jerks and slight 
uncertainty of movement hardly more than a choreiform restlessness of 
the head and shoulders. She had no obvious sensory loss. In other 
early cases, the sensory loss may be very slight and usually, indeed, those 
forms of sensibility that were least affected in the advanced cases were 
intact in the early ones. Amongst all the advanced cases the loss was 
easily demonstrated and was invariably ‘profound and striking. 

While the sensory loss, generally speaking, is in proportion to 
the stage of the disease, in many cases there is no correspondence 
between the motor disability and the amount of sensory loss. In some 
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cases the loss is much greater than the symptoms would lead one 
to expect, in other cases it is much less. 

In some patients amongst those whom I examined, the affection of 
certain of the elements of sensation, especially of the sense of position, 
and the recognition of simultaneous contacts and of vibration was 
pronounced, and yet the ataxia was very moderate. These seem to be 
cases that progress very slowly, and years after the onset, when the 
disease 18 undoubtedly advanced, the disability seems paretic rather 
than ataxic. If we could assume that those elements of sensibility 
affected can be assigned to the dorsal columns, we might suppose 
that the dorsal column degeneration had far outstripped that of the 
cerebellar tracts, and that the chief brunt of the disease had fallen on 
them, and we know that the pathological anatomy of Friedreich’s 
disease does afford us examples that would agree with such reasoning. 

On the other hand, there are patients in whom the ataxia is much 
more marked, even in an early stage. These patients may be unable to 
get across & room without the help of the furniture, and yet the sensory 
loss, though quite definite, is far from being so advanced as the greater 
disability of the patient might have led us to expect. In these patients 
we must suppose an earlier and greater incidence of the disease on the 
cerebellar tracts. Between these two extremes all varieties are to be 
found, according to the relatively sia involvement of the one or the 
other of these systems. 

It must not be assumed that the sensory loss is a more or less 
negligible factor in the production of symptoms. A slowly increasing 
loss of postural sensibility may, we know, admit of much voluntary com- 
pensation, but as the disability of the patient becomes more advanced, 
it is undeniable that the loss of sensibility tends to play an important 
part in the production of his final condition, just as it does in tabes 
dorsalis. I have found no patient, so advanced as to be unable to walk, 
in whom the sensory loss was not gross in character. 

Generally speaking, the different elements of sensibility affected in 
any given case were affected in the same relative degree as in the case 
described ; for example, amongst the elements of cutaneous sensibility, 
if these were involved, touch was usually more disturbed than cutaneous 
pain or thermal sensibility, while the sense of position, the recognition 
of simultaneous contacts and the appreciation of vibration were more 
affected than the appreciation of form, shape, size and weight, and if the 
former group was only slightly affected then the latter might be intact. 

In all cases the sensory loss occurs earlier and affects the lower 
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extremities much more than the upper. It is almost invariably distal in 
type, and although not infrequently one limb may show a greater loss 
of the same form of sensibility than its fellow, it is more or less sym- 
metrical on the two sides. 

Ihe peculiar -character of the loss that occurs will be seen more 
readily, however, if we analyse the disturbance of the different elements 
. of sensibility and see with what Fan and to what extent they are, 
as a rule, affected. 

Touch, pain, temperature—The elements of cutaneous ee 
that we have to consider are light touch, light pressure-touch, cutaneous 
pain, recognition of heat and cold, and the localization of a point 
stimulated. It is at once obvious on looking over the results of the 
examination of a number of- cases that these elements of sensibility are - 
very much more disturbed in the lower extremities than in the upper. 
It will be more satisfactory, therefore, to consider their affection in the 
upper limbs and in the lower separately: On the trunk they were only 
very occasionally disturbed, the loss in the lower limbs having apparently 
spread upwards. 

In the upper extremities many patients, perhaps the majority, show 
no affection of any of these forms of sensibility. In examining some 
patients we may get the impression. that there is possibly a slight . 
blunting of acuity in the recognition -of cotton-wool contacts, of pin- 
pricks, or even occasionally of heat and cold, towards the periphery of 
the limb, but no definite loss can be demonstrated; it must be borne 
in mind that in many cases of Friedreich’s disease the extremities 
are cold, bluish and congested, that is, are in that condition in which 
cutaneous sensibility is low even in the normal individual. 

In a certain number of cases, however, as in the patient whose 
examination I have quoted in full, the blunting of acuity towards the 
distal parts of the upper limbs amounted to a slight, but definite, loss. 
Such tactile loss was present in five of the twenty patients; and two 
of these patients also had slight loss to cutaneous pain, and to heat and 
cold. None of them showed loss to pressure-touch, or inability to 
localize a point touched. 

The tactile loss was limited in some of the patients to the band, 
in some it passed up on the forearm, in one or two it was as high as the 
elbow, or even higher. It was never intense and had no sharp upper 
limit, but shaded off gradually into the normal part above. The pain 
and thermal loss, where these occurred, were similar in character and 
distribution to the tactile disturbance; in one of the patients, however, 
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there seemed a slight general: diminution of response to pin-prick all 
over the body. 

^ It was usually in rather iunc but not necessarily bedridden 
patients, that this cutaneous loss was present in the upper extremities, 
and if was always accompanied by much greater disorder of cutaneous 
sensibility in the lower limbs. Many advanced cases, however, had no 
definite loss in the upper limbs, a circumstance that, as will be seen, 
was of considerable advantage in testing other forms of sensibility, 
such as the recognition of simultaneous contacts which require normal 
tactility. 

Over the lower extremities, on the other hand, a considerable 
number of- patients had, more or less severe loss of tactile sensibility. 
Light touch was affected in fourteen of the twenty cases. This loss was 
always more intense than any tactile disturbance that might be present 
in the upper extremities, but like the latter it was distal in its distribu- 
tion over the lımbs and had no sharp upper limit. In some patients 
it was present only over the feet, in others, 1b extended over the legs 
more or less, in others again, it was present above the knee on the 
thighs, and occasionally it extended to the trunk. Asa rule, the more 
" advanced the disease, the higher the upper lmit of the loss extended, 
while the more distal areas became more deeply affected, and in some 
advanced cases there was almost complete tactile loss over the feet or 
even up to the knees. 

As the &ppreciation .of light touch diminished, pressure-touch 
became affected also and in not a few advanced cases, with more or 
less complete loss of light touch over the feet and partial loss up 
perhaps to the knees or higher, pressure-touch was much impaired 
over the feet and half way up the legs. 

In thé lower extremities the sensibility to pain and also that to heat 
and cold were, like that to touch, much more frequently affected than in 
the upper limbs. They were both affected with about equal frequency 
and were never affected without some disturbance of touch. About half 
the patients showed loss of varying severity. It was usually of the 
same distal type as the tactile loss. but less severe, and in some cases 
its upper limit was perhaps not so high. 

The localization of a point touched was never definitely affected 
over the lower extremities except where there was loss x tactile 
sensibility. 

There was never disturbance of touch, pain or temperature in the 
lower limbs without affection of several or all of the spatial elements of 
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sensibility. Over the lower extremities, indeed, the cutaneous loss 
tended ustially to increase in severity and extent as the disturbance 
of the power of recognising posture and vibration increased, and it 
was therefore more or less in proportion to either the duration of: 
the disease or the amount of the disability present. It was not, 
therefore, quite so irregular and variable in its occurrence as in the 
upper extremities, where frequently quite advanced cases showed no 
affection of tactile, painful or thermal sensibility. It must be men- 
tioned again, however, that the feet, even more than the hands, in 
Friedreich’s disease are often bluish and cold, to such an extent as 
to account for much lowering of cutaneous sensibility. 

In no instance did J find in either the upper or the lower extremity 
any cutaneous loss definitely of a root distribution. Cases have been 
reported occasionally, however, in which the cutaneous loss is of very: 
unusual situation. One case recorded by Ormerod showed a complete 
analgesia of mask-like appearance over the face and shoulder-strap 
area, with a hypoalgesia over the whole body, and some areas of complete 
analgesia on the legs, that somewhat suggested a root, distribution. 
Another patient reported by Jumenti& and Chenet had a cutaneous 
loss that seemed to indicate possibly a root or peripheral nerve origin. 
Suth distribution of sensory disturbance, frequent ‘enough in tabes 
dorsalis, seems to be rare in Friedreich's disease. 

Subjective changes in sensibiliby were rarely complained of by the 
patients. One patient, however, with considerable distal loss on 
examination in the lower extremities, complained that the application 
of the two points of a compass to the sole of her foot felt as if some- 
thing were being drawn along the sole, a .phenomenon sometimes: 
noticed in cases of tabes dorsalis also; another complained that the 
vibrating tuning-fork felt hot on the sole of her foot: Frequently in 
testing with compass-points over the hand or the sole in patients with 
considerable loss, it seemed as if the sensation persisted longer than 
in the normal individual. 

Sense of positvon.— The appreciation ‘of posture and the recognition 
of passive movement were affected in nearly all cases. In only three 
of the twenty patients examined was the loss indefinite or negligible. 
In the advanced stages of the disease the patient was unable to describe 
or imitate accurately the position of his lower limbs in space, and was 
usually quite unaware of the relative position of their distal segments. 
There was invariably less disturbance in the upper limbs; the patient 

frequently, however, could not indicate accurately by Jeepin or 
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imitation the position of his fingers or thumbs, and in some cases, 
indeed, the appreciation of posture was completely absent in these 
segments. 

In earher stages of the disease the diminution in the appreciation 
of posture was less pronounced, or was demonstrable only in the distal 
segments or in the lower limbs alone. 

As the disturbances of the appreciation of position and the recog- 
nition of passive movements were always closely parallel, the exact 
extent of the affection could be more easily determined by the examina- 
tion of the latter, and especially by the measurement of the smallest 
range of movement necessary at any joint to evoke appreciation or 
recognition of its direction. In one patient, for example, who had 
symptoms for six years, and in whom the disease had reached a stage 
in which gait was very unsteady and the movements of the upper 

‘limbs were badly co-ordinated, the smallest appreciable passive move- 
ments of the forefinger and those of the forefinger of a control examined 
alongside him subtended the following angles. 





Control 
Extension | 1° 1° «19 <1° 
Flexion <1° 1° 1279.19 
Patient 
x x 9 
Extension | 12° 25° 20° 40° 30° 
—— | 2... a 
Flexion 969 26° 15? 27° 





In every instance the control could describe the direction of the 
movement correctly; where the figures are marked with a cross or 
a query, the patient was either wrong in describing the direction or was 
uncertain. 

In many cases the disturbance was so obvious that measurement 
was unnecessary, while in other earlier cases ıt was only by the 
comparison of readings taken from the affected and the normal that 
the diminution of sensibility could be definitely determined. 

For instance, one of the patients has complained of slight symptoms 
for three years, and is now a little unsteady on her legs, but can use her 
hands well enough to work every day in a chocolate factory. The loss 
of appreciation of position in the great toes is quite definite, while 
readings of passive movements of her left forefinger gave the follow- 


ing result :— 
Extension: | 14? 18° 8° 10° 9° 
Flexıon | 15° 12° 10" 10" 12" 


« 


- 


>t b 3 
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At the other extreme are patients at whose wrists or knees a full range 
of movements may be carried out without the patient’s recognizing, 
unless by vision, that any movement has taken place. 

The distal segments are the first affected, and some-disturbance can 
be demonstrated in the great'toe, the thumb, or the fingers, even in the - 
early stages of the disease; but as the disease advances the more ` 
proximal segments are gradually affected, though in a few cases with 
very pronounced defect, amounting almost to complete loss at the 
great toe, there was very little demonstrable loss at the knee. In 
these patients the symptoms progress very slowly and they remain 
able to walk fairly well for a long time. 

. T'he relation between the amount of loss present in the upper and 
in the lower extremities varied considerably in different patients, al- 
though it was always greater in the lower limbs. ‚In some early cases 
the difference was slight, in others it was profound. A complete loss at 
the toes usually occurred in a much earlier stage of the disease than 
at the fingers, and a grossly wrong reading at the knee-joint could not - 
infrequently be obtained, while it was much less common at the elbow. 

The loss was generally more or less symmetrical on the two sides, but 
it was not uncommon to find slight differences between the correspond- 
ing joints on opposite limbs. Such differences occur all through the 
examination of all the forms of sensibility in Friedreich’s nasse, but 
are never at all pronounced. 

In testing patients with any marked ‘disturbance it was noticed’ 
repeatedly that the patient was able to recognize that a movement had 
taken place before he could distinguish its direction. This is-merely an 
exaggeration of what occurs in the normal individual, in whom, however, 
the interval between the recognition of the movement and its direction 
is so small as to be negligible. From the consideration of some. 
instances of early loss at certain joints, however, it seemed probable 
that the initial disturbance might be either an inability to decide the 
direction of movenients that were recognized or that a movement and 
its direction were simultaneously recognized, but only when of a larger 
range than was required in the normal; that is to say, either the sense 
of position or the recognition of passive movement might seem to be 
first at fault. 

The compass-test—The examination by means of compass-points 
is an easy test to carry out, because of its precision and because of the 
ease with which it can be recorded, features which made it an extremely 
satisfactory test in the examination of some of the early cases. 
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It was usually tested only on the distal segments of the limbs, but 
in some cases higher up over the forearms, legs, and even thighs. The 
‘necessity of establishing normal thresholds for so many different parts 
of the body restricted the use of the test on the proximal segments of 
the limbs and on the trunk, and the examination of the distal parts 
of the limbs was quite sufficient in most of the cases to demonstrate 
loss to this form of sensibility. 

In all'but the very earliest cases some disturbance was found. This 
occurred roughly: with about the same frequency as did loss of the sense 
of position, and, like the latter, ib varied very much in different patients, 
but seemed to show a gradual progression from slight defect in the early 
stages of the disease to gross loss in the more advanced stages. For 
instance, while most normal individuals can distinguish two points 
readily at 1 cm. apart on the palm, an early case of Friedreich’s 
disease ‘may give a poor reading at this distance, and may require 
the points to be 2 or 3 cm. apart before & series of correct answers 
‘ig possible; while an advanced case may show such great loss that the 
two points cannot be distinguished as such when they stretch the whole 
length of the palm. 

One patient in & comparatively early ee of the disease gave the 
. following readings on the left palm with the points at 4 cm. apart :— 


1 I I II II II > II 
QIIEX 2.1 I I Xx tax 


while another very advanced case gave the following at 6°5 cm. on the 
palm :— 

x X x XXX X I I I 
P i| X X XX oe A x 


and on the palmar surface of the tip of the middle-finger, a part 
‘that im the normal individual is very sensitive, he gave the following 
grossly wrong reading at 2 cm. :— 


| 1, ıı XII ITI, II 
32X XXXX XX XX X 


The errors to the application of one point in the top line of these 
readings do not mean that the patient is an unsatisfactory witness, 
but rather, as Head and: Sherren have pointed out, that we are 
approaching his threshold for correct discrimination. 

Between the slight loss in the earlier cases and the gross affection in 
the advanced, various degrees of loss may be demonstrated according to 
the stage of the disease. 
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While the appreciation of simultaneous contacts and the knowledge 
of position were affected with more or less the same frequency, they 
were affected also with about the same relative intensity in the different 
stages of the disease. It was found repeatedly that a moderate or a 
gross loss of the one form of sensation was present side by side with a 
parallel loss of the other. ‘Occasionally, however, the loss of position 
might be slight, while the failure to recognize simultaneous contacts 
was quite marked. Less frequently again, it happened that the loss of 
position seemed relatively a little greater than the loss in appreciation 
of double contacts. l E 

Like the loss of the sense of position, the defect in appreciating 
double contacts is always greater in the’ lower extremities than in the 


upper, and like it too it is usually more or less symmetrical on the two‘ 


sides of the body. The tactile loss present in the lower extremities 
frequently interfered very considerably in the examination with com- 
passes. In such patients the disease is usually so advanced that much 
error is found over the upper extremities and in the proximal portions of 
the lower limbs where the tactile loss is either absent or very slight. 

I have observed, ‘however, cases in which there was no demonstrable 
disturbance of tactile sensibility or, at the most, only a slight hypo- 
sesthesia on the distal segments of the lower extremities, in, which, 
nevertheless, the appreciation of two contacts was profoundly affected 
and grossly out of proportion to the tactile disturbance. Not only, there- 
` fore, could lóss to compass-points be demonstrated in almost every case 
in regions in which there was no tactile disturbance, but where slight 
. tactile loss existed the failure to appreciate double contacts was out of 
all proportion greater and evidently independent of it. "These observa- 
tions agree with the important conclusion which has been already 
established by the examination of clinical cases in which there is a 
dissociation of certain elements of sensibility, that the accuracy of the 
recognition of two points (that is, Weber's test) is not a measure of 
tactile sensibility and may ‘be lost apart from ıt. 


Vibration. —The appreciation of vibration was frequently and often’ 


very considerably affected. In one patient already mentioned, in whom 
all qualities of sensation were intact, there was of course no loss to 
vibration. In three others the loss was doubtful; though in each 
there.was an apparent diminution according to actual measurement and 
comparison with the controls employed, the difference between the 
patient and the control over & series of. readings was within the limits 
of physiological difference between two normal individuals of the same 


- 
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intelhgence as the patients. In all the patients except these, the loss 
to vibration was beyond doubt, and in many cases was very pronounced. 

Not only patients in the advanced stages of the disease, but many 
even of those able to get about quite well, may show a very marked 
diminution in the appreciation of vibration. In more than half of the 
patients the loss over some part of the body was so great that measure- 
ments were unnecessary; on certain areas the vibration was not 
appreciated at all. . 

The following example will serve to illustrate the degree of loss that 
may be .present in a moderately early stage of the disease. One 
patient has had symptoms of Friedreich’s disease for about four years 
and is now a little ataxic, but can walk fairly well. She could not 
appreciate the strongest vibrations of a fork on her left foot and leg, 
while on the right leg she could do so for about one-third as long only 
as the control. 

Like the loss of other forms of sensibility, the diminution in the 
appreciation of vibration is often asymmetrical. The difference between 
the two sides may be recognized by the patient, who may say, "Oh, I 
feel it more on that side,” or '' it's quite different there." 

In the earlier stages of the disease the loss of appreciation of vibra- 
‘ tion was always greater on the-lower extremities than on the upper. 
As the disease advances the loss increases in the upper extremities, and 
may finally, in very advanced cases, be almost complete in both upper 
and lower limbs. l 

The systematic examination of a number of cases, however, shows 
that the diminished appreciation of vibration is not confined to the 
limbs, and though it is generally greater in the distal than in the prox- 
imal segments of the limb cannot be described as a distal loss in the 
sense in which this term was used, for example, with regard to tactile 
‚ hyposesthesia. As the disease advances, the disturbance tends to spread 
from the legs over the trunk, and, while in an early case there may be 
only some diminution in the feet, in an advanced case the loss may 
‚reach as high as the clavicles. Usually it diminishes gradually in 
severity from the feet upwards, and may be more pronounced over 
the ilium than over the hand. It would seem, therefore, that if the 
impülses underlying the appreciation of vibration are conveyed by the 
fibres of the dorsal columns, sensibility thereto is lost first in the areas 
that send impulses upward through the longest fibres of these columns, 
and the affection gradually and successively involves the fibres according 
to their length. 
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The disturbance in.the appreciation of vibration frequently, there- 
fore, seems more diffuse and widespread over the body than the defect in 
the recognition of posture or in the appreciation of double contacts. 
Occasionally, however, the appreciation of vibration was less affected 
than these Óther two; and, in general, it must be admitted that though 
in different patients one or other of these forms of sensation may appear 
the more affected, as far as we can compare such very different qualities 
the relative intensity of the loss of each is roughly parallel. AH three 
show the same bilateral variations and the same tendency to the earlier 
and greater incidence of the loss on the lower limbs. 

Form.—The recognition of form, or three-dimensional shape, was 
much less affected than the sense of position and the appreciation of 
simultaneous contacts and of vibration. It must be remembered, how- 
ever, that this test could be applied in the upper extremities only 
where the general intensity of sensory loss was slight and much less 
than in-the lower limbs. Further, the recognition of form is a very 
complex quality and depends on the cortical elaboration of impulses 
which pass along several paths. Moreover, the test as used in these 
observations' is a qualitative one and could not be varied. 

It was examined in seventeen of the twenty patients only. Of these 
ten replied readily, and named the test-objects correctly ; two answered - 
slowly, fumbled the objects considerably in their hands, but named them . 
correctly in the end; three answered slowly and made occasional mis- 
takes, while two made frequent mistakes, and seemed to show quite 
definite or even gross loss in recognizing the form of the different objects. 

Notwithstanding its much less frequent occurrence, the defect in 
the appreciation of form would seem to be more associated with the 
disturbance of the sense of position, the recognition of double con- 
tacts, and the appreciation of vibration than with tectile loss. In 
the two patients that answered very badly, tactile sensibility in the 
upper extremity was very slightly affected in one, and not at all in the - 
other; and in: the five that answered slowly and uncertainly, touch 
was never more than slightly affected in the upper extremities. The 
sense of position, recognition of double contacts, and appreciation of 
vibration, on the other hand, were very grossly affected in the two 
definitely marked cases, and were more or less seriously affected in the 
five cases of slighter loss. It would seem, therefore, that the recogni- 
tion of form may be lost independently of tactile sensibility, but that 
its loss does not occur without disturbance of the G of posi- 
tion, double contacts, and vibration. 
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It is impossible, however, to regard it as definitely proved that the 
loss of recognition of form is co-extensive with loss of these other forms 
of sensibility, for several patients showed that a very high degree of 
loss to these latter was compatible with slight loss only in the recogni- 
tion of form. All we can infer, therefore, is that the appreciation of 
form is closely associated with the integrity of those paths in the cord 
that carry the impulses which subserve the sense of position, recognition 
of two points, and appreciation of vibration. 

Shape.—lake the recognition of form, that of shape in two dimen- 
sions could be tested on the upper extremities only, but the frequency 
of its affection seemed much greater than that of form. It is, however, 
& much more difficult test even for the normal individual with his eyes 
shut to tell the shape of an object when it is pressed on his palm than 
it is to recognize its form when he is allowed to handle it, and the 
controls were not invariably correct in the tests for shape as they were 
in those for form. A considerable number of mistakes therefore must 
be regarded as within the limits of experimental error. Making every 
allowance, however, for the difficulty of the test there appeared altogether 
too many instances of gross lack of appreciation of shape to neglect this 
quality of sensibility entirely in estimating the sensory disturbance in 
Friedreich’s disease. 

In five patients, at least, there was gross loss; these patients were 
either unable to recognize the shape of the objects pressed on their 
hands, or made so many mistakes in attempting to do so that they 
seemed to have no idea of the shape at all. Most of them when 
allowed to handle the objects could tell the shape fairly well, except the 
two patients who had marked loss in the recognition of form, and who 
were included amongst the five patients with gross defect m the 
recognition of shape. There was no patient, indeed, with any loss in 
the recognition of form who did not also show some disturbance in the 
appreciation of shape, and this latter was usually much the greater. 

In some of the patients with pronounced loss of appreciation of 
shape there was a very slight tactile loss on the hands, but in none of 
them did it seem sufficient to account for the inability to recognize 
shape. In others there was no tactile disturbance, and in none of 
the five patients was there any pressure-touch loss. The loss of appre- 
ciation of shape in these patients, therefore, must be regarded as 
occurring independently of any disturbance of tactile sensibility. 

In all of the five patients the disease was considerably advanced and 
the loss of the sense of position, of the ability to recognize simultaneous 
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contacts and to appreciate T was pronounced or even gross in 
character in them all. 

Size.—In testing the patient's ability to recognize size, round discs 
varying in diameter from 0°5 to 4 cm. were used, and were pressed 
firmly and evenly on his palm, the difference in diameter between any 
two successive discs being 0°5 cm. Usually it was found that the 
controls could distinguish quite easily any two discs with ‚this differ- 
ence. Greater differences were always recognized correctly. 

In the majority of the patients no definite loss in the recognition of ' 
size was demonstrable. Seven patients; however, made many errors 
in attempting to distinguish discs of 0'5. cm. and 1 cm. difference, 
and even in some instances discs with a difference of 2 cm. ` . 

These were chiefly the patients who were unable to recognize 
shape correctly, and in some of them there was also very slight loss to, 
cotton-wool touches over the hands. This seemed, however, hardly 
enough to interfere to any extent with the test, for pressure-touch was 
quite preserved, and other patients who had just as much tactile loss as 
these seemed to show no loss in the recognition of size. In all these 
seven patients the disturbance of the sense of position, the recognition 
. of compass-points and the appreciation of vibration was marked,.or gross. 

It would seem,. therefore, that a certain loss in the recognition of. 
differences in size may be found over the palm of the hands in advanced 
stages of Friedreich’s disease and that it occurs only in patients in 
whom sense of position, discrimination of compass-points and recog- 
nition of vibration are much affected, though not always in proportion 
to the loss of these elements of sensibility. 

Weight.—The recognition of weight, like that of size, is a measurable ' 
form of sensibility, and the controls used gave very uniform results. As 
many as ten of the patients with Friedreich’s disease were considered to 
show definite loss in the appreciation of differences of weight; in four 
of these, there was slight loss onis but. six had considerable or even 
marked loss. 

These six were the same patients that showed gross loss in the appre- 
ciation of shape, and defective recognition of size, and they included 
amongst them the two patients who had considerable loss in the recog- 
nition of form. They were all, therefore, in more or less advanced stages 
of the disease and showed in the upper extremities much loss in the 
recognition of position, dual contacts and vibration. In comparison 
with the intensity of this loss indeed, the defect in the recognition of 
differences of weight could not be described as very great. It seemed, 
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however, to be associated definitely with a gross defect in the recognition 
of all these other forms of sensibility, for in a few cases in which these 
were markedly affected, but in which one or other of them seemed 
spared more than the others, weight loss fo any extent was not found. 
It could not, however, be definitely associated with. any one of these 
elements in particular. 

A disturbance of the recognition of differences of weight, therefore, 
would seem to be found in those patients with Friedreich's disease who 
have a gross loss of the appreciation of position, simultaneous contacts 
and vibration, and would seem, moreover, closely associated with a defect 
in the, recognition of size and of shape, and like these two forms of 
sensibility would seem to occur more frequently than a loss in the 
recognition of form. 

In examining the i of form, shape, size and weight in the 
hands, it was noticed occasionally that there were slight differences 
between the two sides similar to that described for the other forms of 
sensibility. 


We are now in a position to review the results of this analysis 
of the sensory disturbances found in the twenty typical cases of 
Friedreich’s disease, in all stages that we have examined. 

The appreciation of touch, pain and temperature are very irregu- 
larly affected in the upper extremities, never more than very slightly 
and often not at all. When loss occurs it is almost always a slight 
distal blunting to touch, and very rarely to pin-prick, or to heat and 
cold as well. In the lower extremities these cutaneous elements are 
more frequently involved, and there is often some distal hypossthesia to 
light touch, or even to pressure-touch, and in many cases also to pin- 
prick and to heat and cold. It is the other elements of sensation 
however, chiefly those that are commonly included in the term “deep 
sensibility,” but also the appreciation of simultaneous contacts, and of 
size, shape and form, that are most severely affected. The sense of 
position and the recognition of passive movement, the appreciation of 
double contacts and of vibration are almost always more or less affected, 
especially in the distal parts of the lower limbs, and not infrequently, 
though to a less degree, in the upper limbs as well. The frequency 
and the constancy with which these three elements of sensation are 
disturbed are indeed characteristic of the disease. 

The recognition of shape and form, and the appreciation of size and 
weight are also affected, but much less frequently and less seriously than 
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the sense of position, the appreciation of compass-points, or of vibra- 
tion. This is probably due to the fact that these forms of sensibility 
can be examined in the upper extremities only where the sensory loss 
as a whole in the early stages of the disease is usually not great, and 
possibly also to the fact that they are more elaborate forms of sensibility. 
They would seem, however, to be associated in their disturbance rather 
with the loss of the sense of position, the appreciation of double contacts 
and of vibration than with tactile loss. The recognition of shape, and that 
of size and of weight are affected with the same frequency, and usually 
in the same patients, while the recognition of form is less often disturbed. 

The elements of sensibility, therefore, which it is assumed are 
conducted through the dorsal columns of the cord, would seem to be 
disturbed in Friedreich’s disease more or less constantly and character- 
istically. The loss, especially in the early stages of the disease, falls 
most heavily on the lower extremities, that is on the regions innervated 
by the spinal segments that are earlıest affected, and tends to spread 
higher and higher over the body and to become more profound as the 
disease advances. 

Those elements of sensibility that are conducted through the dorsal 
columns have been divided into two groups. The recognition of two 
points of the compasses, and the appreciation of size, shape and form 
which are dependent at the periphery on the integrity of the cutaneous 
nerve-endings would seem to run in one grqup; and the sense of position 
and of movement, the recognition of vibration and the appreciation of 
weight, which are dependent peripherally on nerve-endings in joints, 
tendons, and muscles, apparently compose another group. As the 
disturbance of the sense of position, of double contacts and of vibration 
was always so great in every case in which the recognition of size, 
shape, form, and weight was affected, it is impossible to correlate the 
disturbance in recognition of size, shape and form with that in the 
recognition of compass-points particularly; or the loss in appreciation 
of weight with that of position. In the description of the fate of these 
elements of peripheral sensibility, therefore, I have preferred for con- 
venience to follow the order in which they were tested clinically, and 
to consider together the disturbance of the sense of position and of 
movement, the loss of appreciation of double contacts and the dimin- 
ished recognition of vibration which constitute a more primary group; 
the recognition of form, shape, size and weight, would seem to compose 
a group of more secondary and elaborate sensations. 

In & disease such as Friedreich’s ataxy where there is a very slow 
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progressive degeneration of the dorsal columns of the cord ıt is inevit- 
able that though the sensory loss may conform to a definite type there 
must be much variability in the relative intensity of the affection of 
the different elements of sensibility in different cases. The frequency, 
however, with which a characteristic sensory loss does occur would 
seem to justify its inclusion in the clinical picture of the disease as an 
integral, not as an exceptional, feature; and further, the constancy 
and regularity with which this loss mvolves the sensory impulses 
assigned to the dorsal columns of the cord goes to confirm the conclu- 
sions regarding sensory conduction in the cord that have been obtained 
by the clinical and anatomical study of local spinal lesions. 
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Tu intention of: this paper is to review the present state of know- 
ledge of the Wassermann reaction in all particulars which bear directly 
or indirectly upon neurology, but in these particulars only. It is also. 
the intention to describe fully the methods which we have ourselves 
utilized as being the most satisfactory according to our deductions. 
These deductions are based upon researches into the subject of syphilis 
generally, and also upon the results .of a long collaboration with Dr. 
Henry, Head and Dr. Fearnsides upon syphilis 9r the nervous system 
In particular. 

The work is treated largely from the technical point of. view, and 
thus assumes a general knowledge of the principles, and even of the 
technique, of the reaction on the part of the reader. We have. not 
‘discussed the theory of the subject, since that has no application to 
neurology, neither have we reviewed the modified tests. 

The paper is intended to be read in conjunction with works pub- 
lished or forthcoming by Dr. Head and Dr. Fearnsides and ourselves, 
and references to cases are constantly made by means of index numbers, 
which remain the same throughout all these papers. 

We desire to record our indebtedness to Professor Bulloch, whose 
influence, we hope, may be detected throughout. 


CHAPTER I.—THE TECHNIQUE OF THE WASSERMANN REACTION. 
INTRODUCTION. 


Since the inception of the idea of the Wassermann reaction 
numerous modifications have been suggested with a view to simplifica- 
tion and improvement. ‘The simplified methods have ‘usually led to 
the introduction of relatively fundamental alterations, and have only 
enjoyed a vogue when’ the original method has been inconvenient or 
looked’ upon as tedious. On the other hand, notable improvements in 
detail upon the original description have been suggested, and adopted 


more or less universally after laborious justification. A reduction in ' 
} 
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the absolute quantity of the reagents 1s now general. Watery antigens 


have been replaced almost entirely by alcoholic or other extracts, and 
the original severity of the controls for the antigen and other reagents 
has long been lightened. These improvements do not, of course, enjoy 
universal recognition, and therefore it is found that the technique 
adopted by one observer commonly differs from that of another, and 
in this manner & certain diversity of result is inevitable. It has been 
suggested that a Commission should inquire into and adjudicate upon 
the most suitable technique to adopt, but unfortunately there ıs no 
finality 1n medicine, and the selected method would soon be surpassed, 
if, indeed, it was ever accepted. 

As the result of the variety in the technique, the mere statement 
that a particular ' Wassermann reaction” is negative is insufficient; 
before the value of such an observation can be appreciated, it is 
essential to know the methods by which ıt has been arrived at, and 
the general results which these methods usually yield. We, therefore, 
describe our technique ın full. 


REAGENTS. 


The reagents required in the performance of the Wassermann 
reaction are as follows :— 

(1) Antigen. 

(2) Serum or cerebrospinal fluid to be tested. 

(3) Complement. 

(4) Hemolytic amboceptor. 

(5) Blood Corpuscles. 

(6) Saline solution. 


Antigen. 


Ever since theearliest days of the Wassermann reaction, discussion 
has centred round the antigen, not only from the point of view of 
obtaining the most efficient preparation, but also of inquiring into 
the ultimate nature of the reaction. 

The belief that the interaction of the antigen and syphilitic serum 
represented a true antigen-antibody combination was early shaken by 
the demonstration by Marie and Levaditi [30] that an extract of a 
normal’ liver could replace an extract of a syphilitic liver in the reaction. 
This discovery was again followed by the independent observations of 
Lendsteiner, Müller and Pötzl [20], Porges and Meier [46], and 
Levaditi and Yamanouchi [22], which showed that the Wassermann 
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“ antigen” differed from most true antigens in being soluble in alcohol, 
and was presumably of the nature of a lipoid. 

From this time dated the attempts to replace the complicated TU 
extracts with pure solutions of lipoids. Porges and Meier were the first 
to:use alcoholic solutions of lecithin with advantage.  Levaditi and 
Yamanouchi found sodium taurocholate and glycocholate to be possessed 
` of antigenic value, and to a less extent lecithin. These last observers 
found cholesterin to be without effect. Hans Sachs [50] then, in con- 
janction with Altmann, entered the experimental field with sodium - 
oleate, and later, with Rondoni [52], introduced the artificial mixture 
of lecithin, sodium oleate, oleic acid, and alcohol. This mixture was 
tested by Facchini [13], and Hisenberg and eek [12], and found 
to give satisfactory results. 

Noguchi [36] has endeavoured to isolate the reacting substance 
from alcoholic extracts of animal organs by a process of fractional 
solution and precipitation. In this way he separated the non-specific 
inhibiting and hemolytic substances from the antigenic constituents. 
These latter, consisting mostly of lecithin, were to be found in the 
acetone-insoluble fraction. This work was continued with the assistance 
of Bronfenbrenner [37]. 

À notable advance was then made » Bovine, Cruickshank and 
Mackenzie [7 and 8], who found that, though cholesterin alone had no 
antigenic effect, mixtures of lecithin and cholesterin gave a particularly 
specific reaction with syphilitic serum. 

These authors have laid it down thatif the addition of cholesterin 
is capable of increasing the quantity of complement absorbed beyond 
the amount absorbed by lecithin alone, this is an indication of the 
syphilitic nature of the serum used. 

While the study of isolated constituents of the antigen was ia 
proceeding, attention was also directed. to crude extracts of various 
animal tissues. The alcoholic extract of syphilitic liver was of course 
widely used, but, owing to the variation in the quality of different 
samples, fell into disfavour in. many quarters. Landsteiner, Müller and 
Pötzl introduced alcoholic extracts of guinea-pig heart, and Michaelis[82] 
human heart. This last was thoroughly tested by Thomsen [55] and 
Boas, and is used as a routine in the Statens. Seruminstitut at Copen- 
hagen. A slight modification by Lesser [21] utilized a watery emulsion 
of the residue obtained by evaporating an ether-extract of human heart. 
This antigen has been found by Dembowski [10] to be better than a 
simple alcoholic extract of heart or an extract of syphilitic liver. 
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Acetone extracts of dried organs have been suggested by Kolle and 
. Stiner [19]. 

l The latest notable advance in the preparation of antigens-has been 
the suggestion of Hans Sachs [49] to combine the alcoholic extracts of 
animal organs with cholesterin, thus utilizing the increased effect of this 
substance demonstrated by Browning, Cruickshank and Mackenzie. 
The addition of cholesterin to extracts of organs was found by Bachs 
to endow these, however unsatisfactory alone, with properties equal to 
those possessed by the best syphilitic extracts. The mixtures had the 
further advantage of being cheap and obtainable in unlimited amount. 

In order to determine the antigen most suitable to our methods we 
undertook a series of comparative tests upon the same sera, using 
different antigens [28]. 

We selected for comparison the following representative forms :— 

(1) Alcoholic extract of syphilitic liver (Wassermann). 

(2) Alcoholic extract of human heart (Michaelis). 

(3) Alcoholic solution of “lecithin and cholesterin (Browning, 
Cruickshank and Mackenzie). 

(4) Alcoholic extract of animal organs with cholesterin (Sachs). 

Having tested these antigens upon over 500 sera and cerebrospinal 
fluids we arrived at the conclusion that an antigen prepared from 
-human heart and cholesterin showed a notable improvement upon the 
others, in that a much higher percentage of positive results was obtained 
in undoubted ae while no tendency towards non-specificity was 
observed. 

We found that in cases of manifest syphilis, primary, secondary, 
and tertiary combined (84 sera), the heart-cholesterin antigen gave 14 
per cent. more positive results than a good syphilitic liver-antigen ; 
16 per cent. more than heart-antigen, and 17 per cent. more than 
- Jecithin-cholesterin antigen. í 

In the case of latent syphilis, that is, in syphilitic patients without 
symptoms and those under treatment, the improvement was still more 
obvious. 

The advantage of this antigen was further particularly apparent in 
syphilis of the central nervous system including “ parasyphilis.” Fifteen 
in fifty-six of these sera gave positive results with heart-cholesterin when 
heart extract alone was negative. Similarly six sera in thirty-one were 
positive with heart-cholesterin when syphilitic liver gave a negative re- 
action. The poorest results were obtained with lecithin-cholesterin. 
When testing cerebrospinal fluid, however, the lecithin-cholesterin 
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antigen gave slightly better results than syphilitic lıver or heart, but not 
so good as heart-cholesterin, six being negative out of twenty-one, when 
heart-cholesterin was positive. | 

It must be clearly understood that these figures only denote the 
results obtained on the actual samples tested, and have no bearing upon 
the relative results which might be obtained with ihe different antigens 
in other collections of cases. It may be stated that the most obvious 
differences were encountered in cases of “cerebral syphilis,” and so 
much was this the case that we were compelled to discard & number 
of tests which -had been carried out with heart-antigen for this present 
investigation and to start de novo. Whenever the Wassermann reaction 
is referred to in this series of papers, the use of heart-cholesterin 
antigen is implied. 

Another highly important advantage of the heart-cholesterin antigen 
lies in its invariability as demonstrated by us [28]. It has been held 
very generally, especially in: Germany, that a complete quantitative 
titration of a serum in the reaction is of little value owing to the great 
error introduced, especially by the variation in antigens. We have, 
however, always applied this procedure, and particularly after the works 
of Thomsen and Boas demonstrated its exactitude when using heart- 
antigen. In practice, however, it was evident that some samples of 
heart-antigen varied, but this variation appeared to be almost entirely 
eliminated by the addition of cholesterin. Thus we have always found 
that a quantitative estimation may be carried out with entirely different 
reagents and antigens at different times with a very small margin 
of error (vide p. 209). 


Example showing a quantitative Test of one Syphilitic Serum, using twenty-four different 
heart-cholestersn antigens. Result of twelve Antigens only shown, the others were similar. 





Antigen No. 





(The + signs are proportional to the degree of inhıbilion of hemolysis. Thus +++ + 
= No hemolysis in the sense of & complete positive Wassermann reaction. ++ l= trace 
of hemolysis.) l 
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Since various samples of heart-cholesterin antigen of equal value can 
readily be prepared, it follows that this factor at least presents no 
difficulty in a quantitative estimation. 

The heart-cholesterin antigen 18 prepared in the following way :— 

Obtain a fresh human heart and remove from it the muscular 
portions of the left ventricle free from fat. It is immaterial whether 
the heart is diseased or not. The muscle is then passed through a 
mincing machine and 10 grm. of the mince are ground up with 90 o.c. 
of absolute alcohol for a short time with clean sand. The whole is 
then transferred to a stoppered bottle and shaken for one and a half 
hours in a “shaker " at room temperature. Finally, filter through paper 
and preserve in the ice-chest. The heart extract should be kept for 
several days before it is first used and filtered again if a precipitate 
forms in the cold. In a well-stoppered bottle this antigen should keep 
in the ice-chest for six months. A 1 per cent. solution of cholesterin 
(Kahlbaum) in absolute alcohol is also made up. It will be necessary 
to apply heat and thorough shaking to obtain complete solution. For 
use in the reaction three parts of the heart-extract are mixed with two 
parts of the cholesterin solution. 

As shown long ago by Sachs and Rondoni [53], the method of 
dilution of antigens is important in order to obtain the best results in 
each case. Generally they should be mixed with the saline slowly. 
The improved effect is not present with every serum tested but in some 
cases if is very marked. With our heart-cholesterin antigen, however, 
the method of mixing does not appear to have much effect upon the 
antigenic properties, though it is usually found that rapid mixing is 
most efficacious. Thus this antigen should always be placed in a large 
test-tube and the requisite quantity of saline added suddenly. 

A heart-cholesterin antigen approximating to our formula has been 
used by Walker and Swift [58]. These authors have confirmed our 
statements as to its properties in every particular, and they arrived at 
the same conclusions by independent lines of investigation. In addition 
they have elicited the fact that guinea-pig’s heart 18 of equal value to 
human heart in the preparation of the mixture, and thus have intro- 
duced a modification which under certain circumstances may be con- 
venient. The results of Walker and Swift confirm our belief that an 
antigen such as we have described is an essential for the successful 
carrying out of the reaction. 
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l Serum and Cerebrospinal Fluid. 

The blood to furnish the test serum was always withdrawn from 
the patient’s thumb sccording to the well-known technique elaborated 
by A. E. Wright.t 

This method’ of bleeding is much quicker than venepuncture when 
a sufficient skill has been acquired by practice. Suitable apparatus is 
essential, and so far as we are aware cannot be purchased upon the 
market. 

The capsules are made in the usual manner from best glass 
tubing, about 7 mm. external diameter. The barrel of the capsule 
should measure 3 in. (7°5 cm.) and will thus have & capacity of about 





a ee 


Fic. 1.— Showing the construction of a capsule and ** prioker."' 


1'5 c.c. The curved entering end should have as wide a bore as possible. 
A right-angled bend is then constructed on the entering end and the 
glass cut off, as shown in the diagram (fig. 1). The straight end of the 
capsule is drawn out to a short point to facilitate sealing after use. 

The " prickers" are made from narrower glass tubing about 5 mm. 
external diameter. The glass is first drawn out to make two pipettes 
and then the capillary part of the tube near the shoulder is again drawn 
out in the Bunsen bye-pass. The point thus made is broken off short 
as in the diagram (fig. 1). 

Proceed as follows: The right hand of the patient is smartly shaken 
downwards, either by the patient himself or by the operator, in order to 
drive the blood into the finger-tips. If the hand is previously cold it 
should be warmed in hot water. Then without delay a piece of rubber 


1 For general principles and methods see Sir A. E. Wright, ' Technique of the teat and 
capillary glass tube.” London, 1912. Oonstable. ' 
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tubing [5 mm. diameter and 18 in. (about 45 cm.) long| is wound round 
the right thumb from the base to the joint. The first turn of the 
tubing is locked by the second (see fig. 2), and the last is secured by the 
operator’s left index-finger placed on the pulp of the patient's thumb, 
the operator’s thumb being placed against the patient's knuckle, thus 
compressing the distal phalanx of the thumb. 





Fra. 2. —Showing the tourniquet in position and the site of the punctures. 


Four rapid stabs are then made at the point indicated by crosses, 
this point being held uppermost. The blood which issues may be 
collected at the site of the punctures or may be allowed to collect in a 
pool at the base of the patient’s nail. The curved end of the capsule 
is then applied to the blood in such a way that the body is at the 
lowest point (fig. 3). "The blood will then run in by gravity, being 
assisted by a ‘“‘ scooping ” motion of the capsule. When no more can 
be expressed the remnant of blood is wiped away, the tourniquet 
removed and the whole process repeated until the capsule is two-thirds 
full It is, however, unnecessary to puncture the thumb a second 
time. During the operation the capsule may be placed on the table 
with the short bend at the entering end pointing upwards. 

In the case of a “ full-blooded” individual the requisite quantity of 
blood may be collected at one application of the tourniquet, but others 
may require four or five. When the capsule is two-thirds full the 
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straight end is sealed in & flame and, after clotting has taken place, the 
blood is shaken down into the closed end. 

The clot is separated from the serum in the centrifuge, but before 
centrifuging the curved end is cut off, as otherwise the capsule is apt 
to break. The tube is also numbered with grease pencil. After 
centrifuging for a minute or ‘two, the tubes are supported on end in 
“ plasticine " and the serum is pipetted off and inactivated at 55° C. for 
thirty minutes in the water-bath. The, pipettes may be carried in a 





Fra. 8.—Showing the general.position for bleeding. 


float as shown in the figure (fig 4). It is desirable to inactivate the 
serum within twenty-four hours after bleeding, and in this condition it 
will retain its properties for a long time. 

The effect of heat upon the test fluids—In the case of serum 
there is no difference of opinion as to inactivation. It is always heated. 
With the cerebrospinal fluid, however, the practice of different observers 
varies. 

We have always used this fluid unheated. 

So far as concerns the neurological literature Aal, with the 
. Wassermann reaction, we have been unable to find much reference to 
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the effect of heat upon the reacting substance. It will be remembered 
that originally upon the introduction of the reaction, it was stated 
that the test-serum must be “inactivated” in order to destroy any 
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Fra. 4.—Section of the ‘‘float’’ used for supporting the pipettes in the water-bath. 

A circular copper box is fitted with a large cork stopper (oblique shading). This stopper 
is held in position by » pin at the side, and rests upon a shelf of copper wire. It is pierced 
with eight oiroumferentisl holes and one central; these correspond in position with nine 
smaller holes in the bottom of the copper box. The size of both sats of holes is so adjusted 
that a pipette will readily pass through the cork and rest with its shoulder upon the copper. 
The contrivance, when fully loaded, will float with its upper surface on the water level, 


normal complement, which would interfere with the Bordet-Gengou 
phenomenon. It was, however, soon shown by Sachs and Altmann [51] 
that such inactivation was most necessary because a non-syphilitic 
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“active” serum might give a positive Wassermann reaction. Numerous 
. instances of such were given by Boas [4] and by ourselves. If ın- 
activation was omitted & syphilitic serum might give a negative result 
by reason of excess of complement, while a,non-syphilitic serum might 
give a positive owing to the presence of a non- specific thermolabile 
body [24]. 

The ae of the body in a normal active serum which gives a 
positive Wassermann reaction has not been studied in much detail, and 
ig usually looked upon as similar to the true Wassermann substance. 
Noguchi [35] was among the first to study the effect of heat upon the 
serum and demonstrated that a temperature of 55° C. produced a very 
marked destruction of, the ‘‘ syphilis antibody,” to such an extent that 
at the end of thirty minutes 25 per cent. only of the previous content 
was available. The most rapid destruction took place in the first five 
minutes. Noguchi appeared to look upon the bodies destroyed as true 
Wassermann substances, although he admitted that a normal active 
serum contained non-specific bodies which were capable of giving 
“ Wassermann reactions’ with certain fractions of an alcoholic antigen. 
He therefore introduced his special antigen which was designed for use 
with active serum, in order to avoid loss by heat; this antigen did not 
react with the non-specific body in the serum. 

Thomsen and Boas [56] also looked’ upon the reacting substance as 
destructible by heat in variable degrees. They considered that sub- 
stances might appear in the serum in the course of several diseases, 
including syphilis, which gave a positive Wassermann reaction. These 
diseases, however, generally differed from syphilis in that the reacting 
substance was more easily destroyed by heat in the former than in the 
latter, and thus in them the reaction would be negative. But, in 
syphilis also, the reacting substance in primary and latent syphilis was 
more readily destroyed than in secondary cases; thus these would tend 
to be negative while the secondary sera were positive. 
| ‘We have found the effect of heat upon the serum to be as described 
by Noguchi and have also noted that an '' active" serum from ‘a. patient 
with latent syphilis (giving a negative reaction on inactivation), con- 
tains more non-specific reacting substance than a normal active serum. 
Nevertheless, we aré not altogether disposed to look upon the non- 
specific reacting body as similar to the Wassermann body, nor to 
admit that the Wassermann body is in fact destroyed by heat to such 
a marked extent as is usually stated. 

In order to test the matter more accurately we have aiilissd the 
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Wassermann body as.found in the cerebrospinal fluid, since in this way 
the difficulties associated with the complex constituents of serum may be 
avoided. The cerebrospinal fluid contains none of the non-specific 
reacting body which is present in ‘an unheated serum. ) 

We have found that in dementia paralytica and tabes dorsalis heat 
does not materially reduce the strength of the reaction as found in the 
cerebrospinal fluid. 


Experiment showing the ae of Heat (55° O.) upon the Reaction of the Cerebrospinal 
luid in two Cases of Tabes dorsalis. 


Example 1, 





| Heated in water-bath for 
Amount of ' 2 
cerebrospinal fluid Suhana Minutes 


$6 p 10 20 80 40 50 60 
03 co. tr Fr tr HO HH HH FH HERE +++ 
Orr tr RH HH HH HH HH ++ 
O05 HER FH H FH HH FH HH FH ER 
002 ,. e | +++ ee e a s "ep 0 0 
E 70 








(+-++-+ = Positive reaction. 0 = Negative.) 
1 Example 2. 





A xountot Heated m water-bath for 














cerebrospinal fluid Unheated Minutes 
5 10 20 $0 
' c.o. tote | ++++ | ++++ | +444 










HHHH | 4++++ 
+++ | 4444 444 + | +444 
0 (| 0 0 0 
0 0 0 


TB | t+4++ 
++4++ | +++ 
Dr 0 







(++++ = Positive reaction. 0 = Negative.) 


In cerebrospinal syphilis, however, the effect of heat is somewhat 
more marked, although even in this case it falls far short of the apparent 
effect observed in the case of serum. 


Experiment showing the Effect of Heat (55° O.) upon the Reaction in the Cerebrospinal Flued 
l am iwo Oases of Cerebrospinal Syphilis. 





Example 1, 
Heated in water-bath for 

Amount of cerebrospinal fuid | Unheated Minutes 

5 s 10 20 80 
02 00. .. .. zm E E EE E Tor "E "gere Ter 
01, .. e e| BRE n 0 0 0 
0'05 „p ovs à Pu 0 0 0 0 0 
002 ,, 0 0 0 0 0 
0:01 ,, 0 QO: - 0 0 0 


(++ ++ = Positive reaction. Om Negative.) 
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Example 2, 





Heated in water.bath fur 


Amount of cerebrospinal fuid |  Unheated Minutes 


10 20 30 
0°05 c.o Tk +++ | ++++ ++++ 
0-02 ,, quier +44 + cL. PEPE 
0-012 ,, ++++ sas a ae Her ie ee Mn a i 
0 006 ,, ++++ ++ ++ + 
0 008 ,, 0 0 ' 0 0 





(++++ = Positive reaction. 0O = Negative) 


We, therefore, conclude that inactivation of the cerebrospinal fluid 
does not lead to any material destruction of the reacting substances 
except in cerebrospinal syphilis, and even in this case the destruction is 
slight when compared with that which occurs in the serum. In our 
view this result is explicable on the assumption that the Wassermann | 
body proper is practically unaffected by heat. In those cases, however, 
in which the syphilitic process is most active (cerebrospinal syphilis), 
the cerebrospinal fluid contains additional bodies derived from the blood 
fluids in the form of'an acute exudate, and these bodies not only tend to 
give a stronger Wassermann reaction, as in the case of “ active " serum, 
but are also more thermolabile. 

It will be remembered from the work of Weil and Kafka [59] that 
in acute infective meningitis the cerebrospinal fluid contains the normal 
‘‘anti-sheep hemolysins ” of the serum, both amboceptor and comple- 
ment. In dementia paralytica, on the other hand, no complement was 
present and the amboceptor in less amount only. These authors sug- 
gested this phenomenon as a means of differential diagnosis between 
dementia paralytica and acute meningitis. They did not, however, test 
the cerebrospinal fluid from the acuter cases of syphilitic meningitis. 
In our view their work suggests that in the acuter cases, whether 
syphilitic or not, the constituents of the cerebrospinal fluid tend to 
approximate more nearly to those of the serum than in the chronic 
cases (dementia paralytica and tabes dorsalis, &c.). The non-specific 
body of the serum will therefore be found in the cerebrospinal fluid in 
the acute syphilitic lesions more often than in the chronic. ‘Thus the 
use of unheated cerebrospinal fluid in the cerebrospinal cases in 
particular will determine & stronger reaction than heated fluid, and, 
no doubt, this stronger reaction will be to some extent “ non-specific ” 
as in the case of unheated serum, but in practice this “ non-specificity ” 
. is negligible. An unheated cerebrospinal fluid does not give a positive’ 
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Wassermann reaction except in a case of syphilis of the central nervous 
system, and, therefore, inactivation of this fluid should not be carried out. 

We have no doubt that neglect of this precaution has occasioned 
some of the poor results recorded by those who follow the “original” 
technique. 

It is not possible, however, to determine exactly to what extent this 
disturbing factor is present owing to the absence of technical data in 
many published papers, and to the use of loose expressions as to the 
“original method" in use. The “ original method,” as now described 
by the great authority Plaut [48], requires the use of an aqueous 
extract of syphilitic liver and inactivation of the cerebrospinal fluid. 
G. Meier [31], on the other hand, who has also been closely associated 
with Wassermann, now uses an alcoholic extract of syphilitic liver, while 
cerebrospinal fluid—' braucht nicht ınaktiviert zu werden." Clearly, 
therefore, the use of the expression “original method" conveys a 
different meaning in the writings of different observers. 

The use of unheated cerebrospinal fluid increases the reacting power 
of this substance in many cases, but at the same time it puts an end to 
any exact comparison between the strength of the reaction in the heated 
serum and the unheated cerebrospinal fluid. This factor must not be 
lost sight of throughout this paper, as, also, the fact that twice as much 
cerebrospinal fluid as serum is always used. | 

The quantity of test fluids.—In addition to the question of heat, 
much variety in practice is found relating to the quantity of cerebro- 
spinal fluid used in the test. Most observers use the same amount of 
serum in proportion to the other constituents. In the original reaction 
0:2 c.c. of cerebrospinal fluid was used in a total volume of 3 c.c. in the 
fixation stage. It was soon found, however, that more fluid could be 
used without endangering the result; thus Boas and Lind [6] used 
0'4 c.c. in a volume of 3 c.c., and we have always used a maximum 
of 0'2 c.c. 1n a volume of 1 c.c. Latterly much attention has been 
directed in neurological circles to the quantitative method (“ Auswert- 
ungsmethode") of Hauptmann and Hössli [17], the chief object of 
which is to use still larger quantities. These observers use a maximum 
of 1'0 c.c. of cerebrospinal fluid in 8 c.c. instead of 0'2 c.c., that 18 to 
say, rather less than twice as much as we have used. ‘This five-fold 
increase in the quantity-of fluid gave greatly improved results (c.f. also 
Ritz and Sachs [48]), but it ıs doubtful whether this increase ıs of 
so much value as is claimed for it. It must be pointed out that the 
results previously obtained by Hauptmann, notably in tabes dorsalis, 
were very much inferior to the results obtained by many others using 
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the same small quantities of fluid; and thus the improvement observed 
by Hauptmann will not be observed to such & marked extent by others. . 
The causes of this diversity are not quite clear, and since we are . 
unacquainted with any full account of Hauptmann’s technique, the 
part played, for instance, by diversity of antigens, cannot be estimated. 
Some objection has been made to the use of these large quantities, that — 
summation of non-specific anticomplementary action (‘‘ Eigenhemmung ") 
is likely to occur, but we have never observed the slightest tendency 
to “ Eigenhemmung " when using cerebrospinal fluid in any quantity. 

Quantitative estimations.—In every case the sera and cerebrospinal 
fluids were estimated quantitatively for their content of reacting sub- 
stance. It has. always been our practice to make the quantitative 
estimate by varying the amount of serum in the presence of constant 
amounts of antigen and complement [23]. The maximum quantity of 
serum used was O'L c.c. and this quantity was halved four times, 
producing the following range: 0'1 e.c., 0°05 c.c., 0'025 c.c., 0'012 c.c., and 
0'006 c.c. We have described the result according to the amount which 
produced complete inhibition of hemolysis. If complete inhibition may 
be represented as + + ++ in the sense of a complete positive Wasser- 
mann reaction, and +++, ++, + stages of inhibition less than com- 
plete, we may represent the value of & serum as follows :— 


"epe 
FETT 
+++ 
+ 
0 


This figure implies that O'l c.c. and 0°05 c.c. produced’ complete 
inhibition; 0°025 c.c. and 0'012 c.c. partial inhibition ; while 0'006 c.c. 
allowed complete hemolysis. In order to economize space, however, 
we next reproduced the figure as follows :— ) 

4 (plus signs) 


3? 


0 T 
or still more shortly W. R. = 4.4.3.1.0. 
In a similar manner in the case of the cerebrospinal fluid we may 
find W. R. = 4.4.4.4.0, and since we have nearly always tested the serum 
and cerebrospinal fluid together we should represent this result thus :— 


W.R.= oo If the serum was tested alone thus, W.R. = ul 


or if the cerebrospinal fluid alone: W. R. = ————— 


-- 
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It is often held, particularly in Germany, that the factors involved 
in the reaction are so complicated and variable that no accurate 
estimation can be made of two samples of serum unless they are 
tested together at the same time. Undoubtedly such a method is best, 
but when the sample is taken from the same patient at different times, 
it is not applicable. We have always found that our technique is 
sufficiently exact for quantitative purposes. When each successive 
quantity of serum is half the former, as suggested, it is quite easy to 
obtain satisfactory results. We have tested the same material five 
times, each time with different reagents, and have obtained the same 
result. 

Experiment. — Cerebrospinal flud (Case 189) unheated and kept 
sterile in the ice-chest. 

June 25,1918 ..  4.4.4.0.0. 


July 2, ,,  .. 44.400. 
July 9, ,,  .. 4440.0. 
July 16, ,, — .. 444.10. 
July 28, ,, — .. 44.4.00. 
Complement. 


The complement used was the serum of guinea-pig. The animal 
ig stunned, and then its throat is cut with a razor, the blood caught 


. in & dish and rapidly transferred to & conical vessel, wherein it is 


whipped. The blood is next centrifuged and the serum removed. It 
was always used on the same day. 

By the method of freezing, guinea-pig serum may ne be 
preserved for several days, but this introduces a factor which is not yet 
entirely worked out. The serum is placed in a glass capsule and then 
enclosed in a “thermos ” flask with freezing mixture (salt and ice). 


Hemolytic Amboceptor. 


This was a sheep-rabbit amboceptor having a minimal hesmolytic 
dose (M.H.D.), ranging from 0°0003 to 0°0005 c.c. as regards 0'5 c.c of 
a 5 per cent. sheep's corpuscle suspension, in the presence of O'I c.c. of 
complement diluted 1 in 2. 

Whatever the technique of preparation employed, the pio uao of 
a suitable amboceptor is always a matter of chance and therefore 
several rabbits should be injected at the same time. When sufficient 
“titre” has been attained, the animal is bled aseptically, the serum 
collected and preserved in small capsules. Samples are removed from 
these capsules for use when required. The amboceptor retains its 
properties for many months. 
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Blood Corpuscies. 


These were obtained from 'the sheep. Although the method of, 
collection at the slaughter-house does not entail any aseptic precautions, 
the blood will remain in a satisfactory condition for three to six auge 
according to the efficiency of the ice-chest in use. 

. On each test day some of. the blood is centrifuged, the serum 
removed and the deposit washed three times with saline in a dilution of 
about 6 to 1. | | 

Saline Solution. 


Pure crystallized sodium chloride and distilled water were used. 
The strength was 0°9 per cent. 


STANDARDIZATION OF THR REAGENTS. 


Since the. Wassermann reaction is a measure of the power of the 
complex antigen-serum to fix complement, it is necessary to standardize 
all the reagents. , l 

We take as our constant the hemolytic amboceptor, the strength of 
which, having once been estimated, does not vary appreciably. It has 
been stated and appears to be generally held that a “unit” of amboceptor 
is not a constant quantity, since it is dependent upon the amount of 
complement present during its estimation. This is indeed the case 
when dealing with ox corpuscles, but with those of the sheep we have 
been unable to confirm the statement, ‘With these corpuscles the 
quantity of complement, presuming that excess is present, does not 
have a great effect upon the size of a “ unit” of amboceptor. 


4mboceptor. 


Dilutions of amboceptor are prepared in saline in quantities caning 
from 0'0001 c.c. to 070009 c.c. as follows :— 

Measure! 0°1 c.c. of amboceptor into 9'9 c.c. of saline and shake; 
of this dilution. place 1 c.c. in 9 c.c. of saline. The amboceptor will 
then be diluted in 1 in 1,000 and O'L c.c. of the dilution will contain 
0'0001 c.c. of amboceptor. Thus O'I c.c. to 0'9 c.c. of the dilution are 
measured into 9 test-tubes, and, after the volume in each tube has been 
brought to 0°9 c.c. with saline, Ol c.c. of a 1 in 2 dilution of comple- 


1 Suitable pipettes for all measurements are supplied by Messrs. Baird and Tatlock 
' 14, Oross Street, Hatton Garden, London. They are graduated to the point and the 
scale is more prolonged than in the case'of ordinary measuring pipettes. The same firm 
supplies the other apparatus mentioned in this paper. 
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ment is added to each, and, finally, 0°5 c.c. of a 5 per cent. suspension 
of sheep’s corpuscles. The total volume is 1'5 c.c. This mixture is 
shaken and incubated in the water-bath at 87° C. for twenty minutes. 
The M.H.D. is then read off and three such doses or three “units ” 
are utilized in the Wassermann test. This standardization should be 
performed with at least two samples of guinea-pig serum in order to 
ensure that great excess of complement is present. When once the 
"titre " 1s arrived at it is not necessary to re-estimate the strength of 
the amboceptor for several months. 


Complement. 


The gumea-pig complement is diluted 1 in 24 with saline, and of 
this dilution the following quantities are arranged in test-tubes: 
Ol c.c., 0'125 ac, O15 c.c., 0'175 ac, 0°2 c.c., 0'25 c.c., 08 c.c., 
0°35 c.c., and 0'4 c.c. The volume ıs then made up to 1 c.c. with 
saline and finally 0'5 c.c. of the corpuscle suspension, sensitized in bulk 
with 3 M.H.D. of amboceptor per 0'5 c.c. (vide p. 218) is added to 
every tube. Incubate for twenty minutes in the water-bath and read 
the M.H.D. This will usually be 0°2 to 0°3 c.c. of the 1 in 24 dilu- 
tion. Two and a half M.H.D. are utilized in the Wassermann reaction, 
but it is not desirable to take a M.H.D. less than 0'175 c.c. of the 
1 in 24 dilution and any complement which does not fully hæmolyse 
in the 0'3 c.c. tube should be discarded. The standardization of the 
complement must be carried out every day with the actual suspension 
of corpuscles in use. - 

The dilution of the complement is so arranged that the requisite 
amount for the Wassermann reaction (24 M.H.D.) is contained 1n 0'5 c.c. 

On calculation it will be found that if the M.H.D. of the 1 in 24 
dilution is 0'175 c.c., 02 c.c., 0°25 c.c., or 0'3 c.c., it will be necessary 
to use in the test 0'5 c.c. of a 1 in 97,1 in 24, Lin 19, or 1 in 16 
dilution respectively. 


Antigen. 


As already stated, various samples of heart-cholesterın antigen do 
not differ in antigenic value, so long as the methods of preparation are 
identical. In practice, therefore, it is quite unnecessary to standardize 
various samples. When making the antigen for the first time, how- 
ever, ıt will be desirable to control the technique of preparation by 
standardization. The method adopted is to standardize according to 
anticomplementary effect in the absence of syphilitic serum. As 
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is well known certain of the constituents of the antigen have an 

inherent destructive effect upon complement, quite apart from the 
= power of “fixation” in the presence of syphilitic serum. This 
" anticomplementary ” effect is the chief factor which determines the 
amount of antigen to be used in the test, since too great a quantity 
would leave too little complement free to participate in the specific 
reaction. The anticomplementary action of many antigens varies in 
different samples, and thus the quantity selected for use will vary 
without regard to the true ' antigenic" value of the extract. In the 
case of our antigen, however, the anticomplementary action of different 
samples is equal [28], as also is the antigenic, and thus standardization 
. by anticomplementary effect will always furnish a reagent of constant 
value. We determine the “completely inhibiting dose” of the antigen 
and then select a certain fraction of this which will give a sufficient 
margin of safety. We therefore utilize in the reaction one quarter of 
that quantity which will alone produce complete inhibition of hamolysis 
after being incubated for one hour with the complement in the air 
incubator. It will be found that twice this quantity, that is one half of 
the “completely inhibiting dose" will just permit of complete hemolysis. 
With our own methods of preparation the quantity of antigen to use is 
0°5 c.c. of a 1 in 15 dilution in saline solution as shown below. 


Eixperiment showing the Anticomplementary Action of the Heart-cholesterin antigen. 













Antigen—8 parts of heart -- 2 
parts of cholesterin, diluted 





Quantity of dilution | Complement 2} M.H.D. 





0:5 c.c. 0*5 0.0. 
3» : 31 
”» * ” 
33 os 
35 13 


39 


(++++ = complete inhibition, 0 = complete hemolysis.) 


0'5 c.c. of the 1 in 4 dilution is the smallest amount which gives 
complete inhibition, therefore 0'5 c.c. of a 1 in 16 dilution should be 
used. Actually we utilize 05 c.c. of a lin 15 dilution. The strongest 
solution (1 in 2) produces hemolysis, owing to the hwmolytic action of 
soaps and alcohol. It will be noticed that double the test quantity, 1 e., 
0'5 c.c. of a 1 in 8 dilution permits of complete hemolysis./ 
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Serum or Cerebrospinal Fluid. 


As already stated, 0'1 c.c. of heated serum is the maximum quantity 
used, while 50 per cent. dilutions are prepared from it. The method is 
as follows: O'I c.c. is measured into the first tube by the method of 
‘Donald [11], using drops. Glass pipettes are calibrated by passing them 
through particular holes in a wire gauge plate until they are held firmly; 
they are then cut off flush with the plate and it is found that pipettes 
made in the same hole will drop the same number of drops per cubic 
centimetre when the instrument is held in the same position. We use 
hole No. 58 in the Stubbs wire gauge plate, and find that a pipette made 
` in such a manner will furnish 0'1 c.c. of serum in four drops when held 
vertically. Thus our quantities of serum are prepared as follows :— 

01 0.0. = 4 drops 


0:05, = 2 5 
0-02 E = 1 ys 
0-012 ,, 


= 4 ,, ofa1 drop in 8 drops dilution 
0-006 ed 2 33 33 3 33 33 

For measuring cerebrospinal fluid, we use the same pipette, although 
this introduces a trifling error, owing to the different surface tension of _ 


the two fluids :— - 


0'2 o.c. = 8 drops 

O-1 a ("9 4 » 

0-05 $$. 07 2 33 
002 4s - im E. 4, 

001 ,, = 4 ,, of&ldrop in 8 drops dilution 


‘We do not in any case trouble to make the total volumes equal with 
saline, since the difference 1n bulk is of no consequence. 


PRELIMINARY ARRANGEMENTS FOR THE TEST. 


The requisite quantities or the reagents for the day's tests are 
calculated as follows :— 

Assume that 20 sera are to be tested. Each serum will require five 
antigen tubes and one control without antigen—six tubes in all. The 
sensitized emulsion of corpuscles is first arranged: 6 x 20 = 120 
tubes required = 60 c.c. (0:5 c.c. per tube). This is made up as 
follows :— 


Amboosptor 8 M.H.D. per tube = 0:0009 x 120 = 0108 c.c. 
(M,H.D. = 0:0008 ac.) ` 
Oorpusole deposit ‘ Se = 8300 ,, 
Saline solution .. T pa .. = D6:90  ,, 





60-008 » 
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This will provide a 5 per cent. corpuscle suspension, every 0'5 c.c. of 
which will contain the correct quantity (8 M.H.D.) of amboceptor per 
tube. The amboceptor is added first to the saline and then the cor- 
" puscles. Shake thoroughly. In practice it is usual to make up a small 
excess of all reagents. 

The next operation is to standardize the complement agninst this 
sensitized suspension, and while this is proceeding the antigen dilution 
18 prepared as follows :— 

If twenty sera are to be tested, 100 antigen tubes-will be required or 
50 c.c. of antigen (0'5 c.c. per tube). The mixture of heart-extract and 
cholesterin ig diluted 1 in 15. Therefore #& = 3'3 c.c. of the com- 
bined antiger will be required, or 1°98 c.c. of heart. + 1:89 c.c. of 
cholesterin. The dilution is therefore made as follows :— 


Heart.extract .. ‘i .. 180.0.) x 
Oholesterin solution .. .. 2182 ,, 3 hat rapıdly 
Saline es a Ya .. 46°70 ,, , 

50 00 ;, 


The heart-extract and cholesterin are mixed Bota in a large 
test-tube and the requisite quantity of saline is poured in rapidly. It 
is now found that 0°25 c.c. of the 1 in 24 dilution of complement is the 
minimal hemolytic dose, and therefore 0'25 x 2°5 = 0°625 c.c. of the 
1 in 24 dilution should be used in the test or 0°5 c.c. of a 1 in 19 
dilution. Fifty cubic centimetres of this (0'5 c.c. per tube) will be 
required for the antigen tubes, thus 2'6 c.c. of complement added to 
4T'4 c.c. of saline should be prepared. The 50 c.c. of diluted antigen 
is added to the 50 c.c. of diluted complement just before use and 1°0 c. e, 
of the mixture is placed in every tube requiring antigen. Twenty 
control tubes without antigen also require complement; in this case, 
however, the complement should be diluted 1l'in 38 in order to make 
up the bulk in the absence of antigen. Twenty tubes require 20 c.c. 
of 1 in 38 complement, that i8-0:52 c.c. of complement + 19°48 c.c. of 
saline; 1 c.c. of this 18 added to every control tube. 


THe’ Test. 


Suitable test-tubes measure 4 X à in. (10 x 1'6 em), and are made 
of stout glass. They are arranged in metal racks holding twenty-four, in 
four groups of six. Each row of.six belongs to one patient, the first five 
containing antigen and the sixth being a control. It is desirable that all 
tubes, both in the front row and also in the back be viewed and read 


t, 
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off from: one side only, i.e., the front, which should be indicated by a 
mark. If the left and right hand of the rack is thus kept constant 
there is less liability to confusion when filling in the reagents. 

Having measured in all sera first and then the complement with and 
without antigen, the racks are shaken and put into the air incubator at 
37° C. for one hour. 

It has been stated that the fixation of the EI E in the first 
stage of the Wassermann reaction proceeds best at a temperature of 
37? O..in the water-bath, while others claim that the temperature 
of the ice-chest is more satisfactory. We have been unable to detect: 
any improvement by these methods over incubation in air at 37^ C.; on 
‘the contrary, we have found them somewhat inferior. It will be 
understood that fluid in an air incubator at 37^ C. does not reach this 
temperature for a long time, and therefore such a method really 
corresponds to incubation’ at room temperature for much of the period. 
Thomsen and Boas [57] have shown that the statements regarding 
improvement in the ice-chest are based upon experimental errors, and 
have found that fixation proceeds best 1n most cases at room temperature 
and in a few at 87° C. in the water-bath. They therefore suggest 
three-quarters of an hour fixation at room temperature followed by 
a quarter of an hour at 37° C.in water. Probably the method used by 
us produces similar results. 


HogmgAMA OF THH Test. 






——— 





c. o. c.c, 
Serum .. ex gta 0:012 | 0-006 







or 

Cerebrospinal fuid ..| 0-8 0025 | 0012 | 0% — vM = 
Antigen .. Odco.) Sb os "T . Re AM 
Complement 05 ,,j d x is i 

Salıne .. 05 667]. es = = - 
Complement 05 „, = a 19 

Incubate for one hour at 87° O. in air. 
Sensitized corpuscles.. | 05 | 05 0°5 , 05 0°5 0°5 | 05 | 0:5 | AS 




















Incubate for twenty minutes at 87° O., in water. Then read the results, or allow to stand for 
one hour at room temperature, without shaking. 





After fixation the sensitized emulsion is added and the tubes are 
shaken. The racks are then placed in water at 37? C. The water- 
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bath is economical of time, since twenty minutes is about equivalent to 
sixty minutes in the air incubator. After the lapse of twenty minutes 
the racks are taken out and the results read off, or, to facilitate the 
recognition of small degrees of hswmolysis,/they are first allowed to 
stand for one hour for the corpuscles partially to settle down. 

No special provision is made for known syphilitic and non-syphilitic 
controls because such are always present in a. large series. 

It will be noticed that our “controls” differ from those used in 
the “ original technique." 

According to the original account it was necessary to show that twice 
the test quantity of antigen permitted complete hemolysis. We use 
only one dose of antigen as control, nevertheless from long experience 
we have found that twice our antigen dose will permit of hemolysis, 
and since our antigen,. unlike syphilitic liver-antigens, is not variable, 
there is‘ no danger in this procedure. Further, the double antigen 
control is now given up by most followers of the original method. It, 
is, the practice to use a larger quantity of antigen in the test, and this 
quantity will not permit of hemolysis in double dose. Thus it is clear 
that so far as antigen is concerned our technique is “ safer.” 

Further, it is the general practice to control the “ Eigenhemmung " 
of the serum and cerebrospinal fluid by “double dose" controls. As 
we have already pointed out, however, this is quite unnecessary in the 
case of the rore DEO DIM fluid. It is true that serum shows more 
“Eigenhemmung ” than cerebrospinal fluid, but in practice when deal- 
ing with fresh, sterile, and’ quickly heated serum, “ Bigenhemmung ” 
is very seldom seen. We control the phenomenon by observing the 
velocity of the reaction, that is to say, if we find a case in which the 
single dose of serum does zu rapidly re we look upon the result 


with suspicion. 
i 


INTERPRETATION OF THE RESULT. 
In the great majority of: cases ‘it will be found that either complete 


hemolysis has occurred in every tube thus: 0.0.0.0.0., or in one or more 


tubes there is & complete inhibition, thus: A few cases will, 


however, be found in which inhibition is present in the first tube, 


although it is not complete : E ann or nn and the 


-— 2 k% s, =o - - n w 
. 


question arises as to whether these cases are to bereported positive or not. 
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The figure 3.0.0.0.0. represents from a trace to 25 per cent.of hemolysis. 


" T 25 to 50 per cent. ,, " 


- - - - - 


5 T 50 to 75 per cent. ,, 5 


While 16 1s safer to restrict the term “ positive reaction" to complete 
inhibitions in the first tube ee 


include shght degrees of hemolysis up to 25 per cent. under this heading, 
3.0.0.0.0 


» nevertheless, in practice, we also 


, and have not observed any error in diagnosis by so doing; this 


may be said to be the general practice with regard to the Wassermann 
test. When, however, the greater degrees of hemolysis 2.0.0.0.0. or 
1.0.0.0.0. are considered, it 18 necessary to take into account two 
different conditions. Ä 

Firstly, whether ıt ıs known to the tester that the serum has reacted 
positively in his hands on a former occasion, or whether he is ignorant 
of the antecedents of the case. In general diagnostic work, when 
nothing is known about a serum, it would be extremely unwise to pay 
any attention to results shown as 2.0.0.0.0. or 1.0.0.0.0., since there are 
several non-syphilitic conditions which may give this amount of 
inhibition, notably some cases of febrile tuberculosis, or pneumonia. If, 
however, the serum is known to have been positive on & former occasion, 
it is of importance to record these slight results, since they then indicate 
that the syphilitic patient has not yet a completely negative reaction. 
They will, of course, be observed constantly in all cases of syphilis under 
treatment at some period, and no patient can be looked upon as “ cured " 
so long as such a result 1s obtained. 

We therefore hold that from the strict serological standpoint 2.0.0.0.0. 
or 1.0.0.0.0. have no diagnostic significance, but nevertheless, may be 
important from the point of view of treatment. 


CHAPTER IL—THE OCCURRENCE OF THE WASSERMANN REACTION. 


INTRODUCTION. 


THE diagnostic value of a biological test depends largely upon the 
frequency with which a positive result may be expected. Some reactions 
when positive may be decisive, but they may be so seldom positive that 
a great deal of their practical utility is lost. The value of a test is much 
increased if it is found to be positive so frequently in undoubted 
examples of the particular condition that a negative result assumes a 
certain value. 
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Thus the diagnostic value of the Wassermann reaction depends to a 
large extent upon the constancy of its occurrence in syphilis. If it is 
admitted that a positive result is, within limits, undoubtedly indicative 
of syphilis, it does not of course follow that a negative result will exclude 
this disease. Numerous cases of undoubted syphilis are known in 
which the reaction has been negative for reasons explicable or inexplic- 
able. It therefore is clear that a negative reaction does not exclude 
syphilis; such a result merely introduces a certain improbability into 
this diagnosis, and the improbability will be greater or less according to 
the frequency with which negative reactions are usually obtained in 
cases of syphilis. A negative reaction in acute secondary syphilis 18 
extremely rare, and therefore a diagnosis of secondary syphilis in spite - 
of this result will be extremely improbable. On the other hand, negative’ 
results are not so uncommon in tertiary syphilis and therefore such a 
diagnosis may be made in the face of a negative reaction with greater 
probability than in secondary syphilis. i 

This method of reasoning, however, presumes that the results 
obtained by different apparently competent persons are of equal value; 
but a short study of the literature is sufficient to show that this is not 
the case; thus one investigator may find 60 per cent. of cases of tertiary 
syphilis positive, while another may find 100 per cent. positive. It is 
clear, therefore, that: the average results obtained by the particular 
tester must be known before the value of his Bu result is fully 
appreciated. 

The reputation of the Wassermann reaction lebend upon two factors, 
firstly, the accuracy of the technique employed, and secondly, the accuracy 
of the clinical diagnosis on which are calculated the percentage results 
of the serologist. 

It is always found that the spared results are obtained in general 
diagnostic work, when the sera are sent for examination by a number 
of clinicians of varying experience and when the correctness of the 
diagnosis 18 nob open to investigation. The best results, on the other 
hand, are obtained when the sera emanate from one source of undoubted 
excellence and in particular when the diagnosis is revised after further 
investigation of the case along lines suggested by the serological result. 

Owing to the above considerations an examination of the literature 
does not throw much light upon the question of the occurrence of the 
reaction. It is usually found that if the technique is fully described 
there is no reference to the accuracy of the clinical diagnosis, while, if 
the details of the cases are entered into, the serological details are given 
in an entirely uncritical manner. 


NM 
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In order to avoid this error as far as possible in the present case, we 
always append to the serological result a reference to a full clinical study 
of the patient, and, on the other hand, we have given @ full account of 
the methods by which we have arrived at this result. 


THE OCCURRENCE IN GENERAL DIAGNOSTIC WORK. 


As a general index of the results obtained by our particular tech- 
‘nique, the following figures may be quoted. They represent the routine 
tests carried out in cases of general syphilis excluding nervous con- 
ditions. In every instance the diagnosis was described as being 
“clinically certain," and in the great majority this was the personal 
view of Dr. J. H. Sequeira, dermatologist to the London Hospital. 

| Antisyphilitic treatment had not been practised to any great extent. 


Cases of Active Syphilis described as “ clinically certain,” tested between January, 1912, 
and February, 1918. 











Positive Negative Positive per cent. 


Primary syphilis 


! LE 9 98 
Secondary syphilis .. 1 99 
Tertiary syphilis jx 5 97 
Congenital syphilis .. 0 100 





These results are comparable with those published by Boas, and 
demonstrate the very high degree of accuracy attained by the Wasser- 
` mann reaction at the present time. It is clear that a diagnosis of 
active syphilis in the absence of a positive reaction will require very 
special support before it can be considered probable. As regards the 
specificity of the reaction, we have only found one non-syphilitic 
individual giving a positive result in recent years—a case of acute 
malaria twenty-four hours after æ rigor. Other cases of malaria, 
leprosy, &c., have given negative reactions. We have had no experi- 
ence of scarlet fever recently, though formerly we have described 
fleeting positive results. l 


THE OCCURRENCE IN SYPHILIS OF THE CENTRAL NERVOUS SYSTEM. 


Under this heading we discuss the incidence of the Wassermann 
reaction not only in cases of cerebrospinal syphilis but also in the 
so-called '"'parasyphilitic" conditions. The classification follows the 
usually accepted clinical demarcations, but it must be stated at once 
that such demarcations are not absolute. There are so many instances 
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of transitional forms not only between dementia paralytica and tabes 
dorsalis, but also between these “ parasyphilitic” states and admitted 
“cerebrospinal syphilis,” that too much importance should not be 
directed to exceptions to any “rules” which may be evolved. 

The reports in the literature on the Wassermann reaction in 
neurological cases are extremely variable, and frequently refer only 
to asylum patients.  Relátrvely little attention has been directed to the 
study of nerve lesions as found in general hospitals. l 

We have classified our results under the following headings :— 

(1) Dementia paralytica, including thé transitional forms of tabo- 
paralysis. 

(2) Tabes dorsalis, including those cases associated with optic 
atrophy, amyotrophy, and Erb’s degeneration. a | 

(8) Cerebrospinal syphilis, subdivided into two groups :— 

^ (a) Those cases in which there is clinical evidence of a lesion 
of the spinal cord with or without involvement of the brain. 
(b) Those cases in which the brain only appears to be affected. 


(1) Dementia Paralytica, éc. 


According to an examination of the earlier literature (1908-1910) 
already published by us [25], 98 per cent. of cases of dementia 
paralytica give a positive reaction in the serum, and 865 per cent. in 
the cerebrospinal fluid. Although these figures denote a high propor- 
tion of cases positive, the results obtained by the best methods at the 
present time give a considerably higher proportion, especially as regards 
the cerebrospinal fluid. Thus Plaut [42] describes two negative among 
320 sera, practically 100 per cent. positive; while in 276 cerebrospinal 
fluids nine were negative, or 96 per cent. positive. 

. Being confined entirely to hospital cases, our results in this genti 
are relatively few. Both the serum and cerebrospinal fluids were 
positive in twenty cases. From such findings it is clear that the seva 
in these conditions almost always give a positive result, and the cerebro- 
spinal fluid is negative as an abnormality only. When it is reported, as 
for instance by Nabarro [34] or by Kirchberg [18], that cases of 
dementia paralytica frequently give a negative reaction, ib must be 
supposed that some abnormal pre is operating in the series to account 
for this result. 

If the following table be studied: it will be noticed that the cerebro- 
spinal fluid very seldom, if ever, gives a stronger reaction than the 
serum, ib particular when it is remembered that the fluid is used in 
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` double quantity and is unheated; thus, since it nearly always reacts 
less strongly, 16 will tend to give a negative reaction in rare cases more 
often than the serum, as is indicated by the published figures. Another 
factor which probably ensures & more frequent negative reaction in the 
cerebrospinal fluid is an incorrect diagnosis. It will be allowed that if 
ıt is possible to confuse certain cases of syphilitic vascular disease with 
dementia paralytica, this will account for a negative reaction in the 
cerebrospinal fluid, while the serum will still be positive, since both 
conditions are syphilitic. In this connexion the work of Candler [9] 
is of great interest. In 1909, with Henderson Smith, he tested the 
cerebrospinal fluid of a number of “general paralytics” ; seventy-five 
of these have now died, and have been examined. Eight cases gave 
negative reactions during life, and thus only 89 per cent. were positive ; 
but at the autopsy it was found that six of the negative cases were not 
“general paralytics"; thus in actual fact they had obtained a per- 
centage of 97 positive. This example not only illustrates the fallacies 
associated with the statistical method in medicine, but also the great 
difficulty encountered in the diagnosis of dementia paralytica even 
among the most expert. 


Tax INCIDENCE OF THE WASSERMANN REACTION IN DEMENTIA PARALYTICA, &C. 














No of case | Result of first examination No of ease Result of first examination 
serum 4.4.4.4.4. serum 4 4 4.4.8 
(Juvenile) 16—|5cr 44444. | = d. 44442, 
| 4.3000. 4.4.4 4.0. 
= 4 30.0.0. | 108—— 4 4.4.4.8. 
20——- SS (Juvenile) 109—— E 
2 TT ERS no— — — pa £d 
| . p 00D VUES.T.SE. I. 
: . 4.4 

| -- 14700 | 188— - -— 7,00 
‚4.4.0. po |]. $4400. 
[s 4.4432 159 4.4.4.3.1. 
S | 4 4.4.4.4 | 4.44.00 
| 4 4.4.4.4 EE 4 4.3.9.1. 

84 — — | 165 — | 
4 4 4.4.4 | | : i E ] 
ede To Mel. HS 
4.4.4.4 0 | 4.4, 
93— 44100 | (Juvenile) 197—— ee = 

| ‚4.4. 

4.4.4832 Ar aut 
95 4 4.4.39 l 214 44444 
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(2) Tabes Dorsalts, &c. 


In & former study of the literature (1907-1909) we found that 
63 per cent. of cases of tabes dorsalis gave a positive reaction in the 
serum and 82 per cent. in the cerebrospinal: fluid. These figures 
indicate that a positive reaction in both fluids is less constant than in 
dementia paralytica and that the cerebrospinal fluid fails to give the 
reaction in a large number of cases. Variety of technique, however, is 
responsible for divergent results to a larger extent than in dementia 
paralytica; thus in 1909 Nonne [38] described 50 per cent. positive in ' 
the cerebrospinal fluid, while in 1911 [39], he gave 5 to 10 per cent. 
only positive when using the ordinary test quantities, though with the 
increased amounts of the ‘‘ Auswertungsmethode,” he obtained practically 
100 per cent. 

The literature dealing with tabes dorsalis is much smaller than that 
of dementia paralytica, and in many instances the serum only has been 
examined. 

Our results have been as follows:— 

Tan INCIDENCE OF THE WASSERMANN Rated IN TABES DORSALIS, &o. 


No. of case , | Result of first examination 







No. of case Result of fist examination 





— > m e — 


serum 20 0.0.0. 







serum 4.4.3.9.1. 















Dt 14419 88— | of  0.0.0.0.0 
4.4.4.4.4. OMA 
14— — iini — M 
4.4, -- - = 4,---- 
4.4.4.4.4. 4.4.4.4.4. 
ag | $5 i44. 
4.8.0.0.0. 112 — 
| 4.4.4.8 0. 
21000, em 
4 1.0.0.0. i 
142. — 
148 ___ 
| 14.100. 
TN 0.0,0.0.0. 
————0.0.0.0.0. 
| i 
T 4.8.2 0.0. 
— —14.8.8.0. 
n 4.4.4.4.9, 
— — 744.8.0.0. 
ne 4.4.8.0.0. 
4.4.3.0.0. 
T 4.4.4.4.8. 
ar ar Lud. 
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Of the twenty-four cases shown above, two were negative in both 
serum and cerebrospinal fluid (Nos. 83 and 144), while No. 117 was 
‘negative in the serum and positive in the cerebrospinal fluid. 

On reference to the accounts it will be found that the disease in the 
two negative cases (Nos. 83 and 144) was quite stationary, although 
No. 88 had recently developed a Charcot knee. This condition is, how- 
ever, usually looked upon as trophic and at any rate does not indicate the 
presence of an active syphilitic lesion. It is probable that in this case 
the syphilitic process was practically extinct, and in support of this 
view is the fact that no exacerbation of the reaction occurred after an 
injection of neo-salvarsan. As regards No. 144 the condition had been 
stationary for two years and much anti-syphilitic treatment had 
been applied. In his case, however, the syphilitic process cannot be 
looked upon as extinct since an injection of neo-salvarsan produced a 
well-marked '' provocative reaction." ! 

This “provocative reaction” was not obtained in the cerebrospinal 
fluid, and from this fact we conclude that the syphilitic focus which gave 
rise to it was not “ tabetic!’ since in this case we should have expected 
some *' leakage " into the cerebrospinal fluid. l 

On the other hand, the negative reaction in the serum of No. 117 
and the positive in the cerebrospinal fluid suggests that active 
lesions in this case were situated in the central nervous system only. 
The case further supports our contention that the cerebrospinal fluid is. 
relatively stagnant and that substances tend to accumulate in it without 
‘passing into the general circulation along the “ lymphatic” communica- 
. tions usually described. 

The number of cases described is small (24), but it is seen that three 
negative reactions occurred in the serum and two in the cerebrospinal 
] fluid. These results’are consistent with a positive percentage in the serum 

of 88 and 92 in the cerebrospinal flud. In tabes dorsalis, however, it is 
clear that the figures are complicated by factors which probably do not 
affect dementia paralytica so much. Natural variations in the intensity 
of the disease or the effects of treatment bear upon the serological result 
as already clearly shown by Boas [5] in the case of serum. Thus when 
‘the reaction is used as a help in the diagnosis of -tabes dorsalis, it 15 
essential to notice the activity or otherwise of the disease and also the 
occurrence of anti-syphilitic treatment, and further, since the reaction may 
be negative in the serum and positive in the cerebrospinal fluid, it is not 
enough to examine the former alone. 

As regards the strength of the reaction in tabes dorsalis, in particular 
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in the cerebrospinal fluid, it is seen that this on the whole tends to be less 
than in dementia paralytica, but if it is admitted that weak reactions are 
common (c.f. Nos. 23, 27, 46, 70), it must also be allowed that strong 
reactions are also frequent. We cannot altogether agree with Nonne [89] 
therefore when aR states that a strong reaction ın the cerebrospinal 
fluid suggests a “ great probability of paralysis or tabo-paralysis " and 
“ much less often " of a pure tabes. In our opinion the difference is es 
inconstant to be of diagnostic importance. Nevertheless a feeble reaction 
in the cerebrospinal fiuid is considerably more common in tabes dorsalis 
than in dementia, paralytica as is also the occurrence of a positive 
reaction in the cerebrospinal fluid associated with a negative in 
the serum. In fact it is probable that this combination never occurs in 
dementia paralytica. 


* |J 


< (3) Cerebrospinal Syphilis. 


The occurrence of the Wassermann reaction in cerebrospinal 
syphilis has presented problemsof the greatest interest. | 

In the early days.of the reaction as applied to neurology, it was 
generally held that it was not found in the cerebrospinal fluid of these 
cases and, indeed, a positive reaction in this fluid was held to be strong 
evidence of “ parasyphilis” ; thus Mott introduced and stil supports a 
theory in connexion with “ parasyphilis” which utilizes this supposed 
fact in the argument.’ He states [38] : “ Again the observations of Dr. 
Topley on my hospital cases of cerebral and cerebrospinal syphilis, 
compared with tabes and general paralysis, entirely conform to Plaut’s 
‘results. The fluid in cerebrospinal syphilis did not .give a positive 

reaction." | 

According to Plaut [44] “ Both in‘lues cerebri and in lues spinalis 
the negative reaction is the rule. . This result is found equally 
in all forms of the disease." Nonne [89] also gives a as & typical result 
in iee fiuid of ċerebrospinal syphilis :— 

“ (a) Originalmethode (0'2 c.c.) positiv i in ca. 10 Dios. 
“ (b) Höhere Liquormengen fast stets positiv." 

This remark dealing with the larger quantities of test fluid, refers 
to the “ Auswertungsmethode’? of Hauptmann and Hössli, which is 
now generally used in Germany. Instead of 0'2 c.c. of cerebrospinal 
nd in a total volume of 3 c.c. in the fixation stage as required by the 

‘ original method," this modification utilizes increasing quantities up to 
1:0 c.c., and by i means the reaction is found to be almost constant 
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in cerebrospinal syphilis, although this effect is obtained only with the 
larger quantities. 

The results obtained by us in these cases differ in certain respects 
from those already described. For the purposes of classification we 
have divided them into two groups. In the first are found those in 
which the spinal cord was affected, either alone or together with the 
brain, while in the second those in which the spinal cord was apparently 
not affected. 


INOIDENCE OF THE WASSERMANN REACTION IN CEREBROSPINAL SYPHILIS. 
A—Cases in which the cord was apparently affected 









































No of case Result of firat examination Result of firat examination 
9 serum 4.4.4.4.4. 
"^ egt. 4.4.4.8 9. 
q 4.4.4.4 4, 
0 0.0 0.0. 
4,4 4.1.0. 
ES 1.0.0.0. 
4 4.4.4.4. 
19 4.44.33. 
96 4.4 4 4.4. 
4 4 4.00. 444.48, 
4 4 442. 4.4 4.4 0 
oo 4.4.1.0 U. 184— 4.4.4.4.4. 
4.4,4.4.4. 4.4.4.4.4. 
46 4.4.4 4.4. 146 4 4 4 4,9. 
å 4,4 1.0 0 0.0.0 0. 
= 0 0.0.0.0. 17 — 4.4. 1.0.6. 
4,4 4 4.4. 4.4.4.4.4. 
59— 4.4.4.4. 8. 115 — 4 4.4.4.9. 
4 4.4.4.4, : 4.4.4 4.4 
60 4.4 3,- - 177-——— 4.4 4 4.0. 
4 8.2.0.0. 0.0.0.0.0. 
ae 44431. 182—— 0.0.0. 0.0. 
4.4 4 4.8. 4,4.» -- 
14 4.4 48.1. 189 4.4.4.0 0 


4 4.4.4.4, 





í 
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B—Cases mi which the Brain only was affected. 


No, of case Result of first, examination 








15 — cf. — 0.0.0.0.0. 
4.4.4 4.4 

39 — 0 0.0.0.0 
8.9.0.0.0. 

44 — 0 0.0.0.0 
4.4 4.0.0 

58—— 0.0.0. 0.0. 
4.4.4.4.4. 

61—— 0.00.00 
4.4.9.0.0. 

62—— 0.0.0.0.0. 
4.4.4.4.0. 

ipeum 0.0.0.0.0, 
4.4.4, 4.4 

85—— 0.0.0.0.6. 
4.4 4.4.0 

a7 0.0.0.0 0, 
4.4.4.4.8. 

Mes 0.0.0.0.0, 
4.4.8.1.0. 

Mie 4.2.0.0.0 
0.0.0.0.0. 

Mas 0.0.0.0.0 
4 9.1.0.0. 
Misses 0.0.0.0.0. 
4.4.4.4.4. 

122 — 0.0.0.0.0. 








On analysing these figures, it will be found that the number of cases 
in Group A (cord affected) is thirty-three. The serum gave a positive 
reaction:in all but three cases, Nos. 94, 147 and 182. As regards the last 
case (No. 182) this negative result is the natural consequence of treat- 
ment. The negative reaction in the serum of No. 94 is interesting, being 
associated with a positive in the cerebrospinal fluid. The case presents 
several points of similarity with No. 123. In both the examination was 
made very soon after the onset of the nervous symptoms, and in both the 
serum subsequently became positive. The results appear to indicate that 
the syphilitic process was confined to the nervous system, the rest of the 
body being free as in the case of the so-called “nerve relapses ” of the 
literature. This being the case, the products of the inflammation are 
first detected in the cerebrospinal fluid and only at a later date do they 
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appear in the blood. If the treatment of the patient is sufficiently 
intensive, the positive reaction in the serum is only transient. 

No. 147 is clinically & very complex case, and the significance of the 
negative reaction is not clear. 

Turning to the cerebrospinal fluids it is seen that four of the thirty- 
three cases gave a negative reaction. In three of these (Nos. 7, 54, 
and 182) intensive treatment had been applied, while the other negative 
case (No. 97) is on the border line between Groups A and B. This 
case (No. 97) 1s included among those in whith the spinal cord ap- 
peared’ to be affected, on the grounds that the patient exhibited a hyper- 
sesthesia of one thoracic segment which subsequently was associated with 
muscular wasting. That the lesion was extremely trivial is shown by 
the presence of only 1 cell per cubic centimetre in the cerebrospinal 

fluid.’ | 
' Referring to the effect of treatment shown above, it is necessary to 
state that in statistics of cerebrospinal cases it is essential to note the 
existence of anti-syphilitic treatment, since, as will appear later, the 
reaction in the cerebrospinal fluid in such cases is extremely sensitive 
to treatment and may rapidly become negative, thus confusing the 
issue. . 

Due attention being paid to this question and also to the triviality 
of the signs’in No. 97, it is clear that a positive reaction in the cerebro- 
spinal fluid of patients in whom the spinal cord is affected is a constant 
phenomenon, as constant even as in dementia paralytica. 

Turning to those cases in which the cord was apparently not 
affected (Group B) twenty-seven in number, it will be seen that three 
gave a negative reaction in the serum (Nos. 110, 123, and 148), and 
twenty & negative in the .cerebrospinal fluid. No. 198 had been 
treated originally by salvarsan and the positive reaction in the fluid may 
be looked upon as a “ nerve relapse," as described in the literature; that 
‘is, a slight meningo-encephalitis occurring in an almost completely steri- 
lized individual. Since the initial lesion is in the meninges, the positive 
reaction is detected in the cerebrospinal fluid before it appears in the 
serum. As regards Nos. 110 and 148, these are both cases of hemiplegia 
.due to cerebral thrombosis, and it is commonly found that such tend 


! We are much indebted to Dr. R. Donald, who made all the cell enumerations mentioned 
in this work. The method of counting utilizes Donald’s technique of measured drops 
- already referred to [11], and not only ensures greater accuracy than a counting chamber but 
also provides permanent preparations. A small drop of known capacity is deposited on a 
slide, fixed in situ by a superimposed collodion film, stained and counted through by means 
of a mechanical stage. (Vsde R. Donald, “ Foha Hmmatologica,” Asohwo. [in the press].) 
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to give feeble or negative reactions in the serum. It ıs clear that a 
slight thrombotic lesion outside the nervous system might not attract 
notice, while in the nervous system it will produce marked clinical 
symptoms. ‚It is possibly this factor which brings a trivial lesion with 
its accompanying trivial reaction to the notice of the neurologist. In 
the cerebrospinal fluid also the purely thrombotic cases seldom give a 
positive reaction, as already noticed by Assmann [2 and 3] and Plant 
[44], and this result is no doubt largely due to the fact that the main 


inflammatory process is confined to the endothelium ofthe larger . 


vessels, and thus does not affect the pia and occasion an exudate into 
the sub-arachnoid space. The same factor may also perhaps produce a 
negative reaction. in the cerebrospinal fluid even when the cord is 
affected by a thrombotic lesion. No. 104, included in Group B, may, on 
the strength of a slight sphincter lesion, be looked upon as belonging 
to Group A, the negative reaction in the conc prospiiel fluid being 
accounted for by a thrombotic lesion. 

In contradistinction to Group A, the cerebrospinal fluid of cases in 
Group B relatively seldom gives & positive reaction; there were seven 
‘Instances only in twenty-seven. Thus, as a rule, the cerebrospinal 
fluid in'purely cerebral cases is negative. The exceptions to the rule, 
those cases giving a positive reaction in the cerebrospinal fluid, may 
now be considered. In Nos. 107, 128, 128, and 170, it will be observed 
that the condition was recent. 

No. 148 gave a slight positive reaction but, although at the time 
of examination he had no sphincter trouble, nevertheless during the 
original attack this was present, suggesting that there was some affection 
of the spinal cord. 

In No. 159 the reaction of the cerebrospinal fluid is strong although 
there is little evidence of & lesion of the cord. It is, however, probable 
that the syphilitic process extended along the medulla; and thus, 
perhaps, the case should have been included in Group A. 

The final example of a positive reaction in the cerebrospinal fluid 
is No. 188, which resembles No. 59, included in Group A. Both cases 
differ from all others in being examples of acute encephalitis or perhaps 
more accurately of acute encephalo-myelitis. The spinal cord was 
probably involved, but the condition ‘was so recent that no localizing 
signs had appeared at the time of examination. 

It will be seen from the cases described that there is mach justifica- 
tion for the division into the two Groups A and B. The cerebrospinal 
fluid in Group B is almost always negative, and only when the lesion 
is quite recent is a slight positive reaction found. . 
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The explanation of the difference in the reaction in these two groups 
probably lies in the fact that the sample of the cerebrospinal fluid 
examined is derived from the lumbar region. As we have pointed out 
elsewhere, the sub-arachnoid space in the brain is small, and in fact 
merely represents a capillary space; there is also no obvious flow of 
fluid from the brain to the lumbar region and thus constituents of the 
cerebral fluid will diffuse but slowly into the spinal fluid. It is therefore 
clear that Wassermann bodies poured into the cerebrospinal finid 
directly from a lesion of the spine will be detected more readily than 
bodies diffusing slowly from the brain. 

The strength of the Wassermann reaction in cerebrospinal syphilis 
(Group A) appears from our tests to be very strong and does not in 
any way fall short of the reactions found in “ parasyphilis.” In this 
respect our results differ from those of Plaut and Nonne. So far as 
concerns the mere occurrence of the reaction, we agree that in the 
spinal cases this is.constant. We, however, find it to be constant with 
small quantities of cerebrospinal fluid, wmle the Hauptmann method 
obtains this result with large quantities only. We may point out that 
Stühmer’s [54] results are more comparable with ours since, although 
he obtained a high percentage of positive results with the “ Auswertungs- 
methode," many of his cases were already positive with the smaller 
quantities of fluid. It is clear that in Nonne’s [39] view the strength 
of the reaction in cerebrospinal syphilis is slight. He states: ‘‘If the 
reaction is positive by the original method (0'2 c.c. of cerebrospinal 
fluid)," that 1s if the reaction is strong, “itis highly probable that the 
case is one of paralysis or tabo-paralysis, much less likely that it is 
cerebrospinal syphilis or pure tabes." 

According to our results this view appears to be untenable. It will 
be seen that the reaction in the fluid of the spinal cases is at least as 
constant and as strong as in dementia paralytica, and we therefore 
dispute the suggestion that either the occurrence of the reaction in 
the cerebrospinal fluid or its strength has an obvious bearing upon the 
differential diagnosis between dementia paralytica and cerebrospinal 
syphilis. If, however, dementia paralytica is capable of being confused 
with purely cerebral syphilis, then the constant reaction in the former 
case and the negative in the latter will be of great diagnostic importance. 

The differences in the results obtained by Hauptmann’s method and 
our own are presumably due to differences in technique, the most 
important being in all probability the difference in antigens. 

It appears to be quite certain that the advantage of the heart- 
cholesterin-antigen is particularly apparent in the “cerebral” cases. 
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It may be argued that the use of this antigen is objectionable since 
it levels up the diagnostic differences between general paralysis and 
cerebrospinal syphilis, but to retain these differences by the use of an 
inferior antigen would þe an artificial proceeding and would tend to 
maintain a fundamental distinction between dementia paralytica, and . 
cerebrospinal syphilis which in our opinion does not exist. 


(4) Control Cases. 


In order to ensure the accuracy of the deductions drawn from the 
preceding cases, we have tested a number of sera and cerebrospinal fluids 
from patients in whom there was no syphilitic disease of the central 
nervous system. ‘These controls are divisible into two groups :— 

(a) Patients with syphilis, but without organic syphilitic disease of 
the central nervous system. This group will include syphilitic patients 
with non-syphilitic diseases of the central nervous system. 

(b) Non-syphilitic patients with disease of the central’ nervous 
system. Ä 

(a) Syphahtic patients without syphilis of the central nervous 
system :— 











Result of first examination 










| No of case No. of case Result of firat examination 
9 serum 4.4 4.4.4. serum 4 4.4.8.2. 
e&f. 0.0,0.0.0, os f. 0.00.00. 
99. 4.4.4.4 4. 


| ——0.0.0.0.0. 


4.4.4.4.4. 
85—| 0 0.0 0.0 


4.4.4.4 4, 





88— 


68 — 


68—— 


T8-— 








^ 
D 
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These twenty-three cases include :— 


Acute secondary syphilis 6 [Nos.29; 88; 68; 78; 105; 154.] 

Late secondary syphilis.. 2 [Nos. 129; 189.] 

Symptomless.gyphilis , 7 [Nos. 68; 88; 188; 166; 178; 
196; 908.] 

Tertiary syphilis .. ‘a ce jx 4 [Nos. 85; 79; 155; 171.] 

Active congenital syphilis , .. is 2 [Nos. 9; 187.] 

Inactive congenital syphilis .. T 3 [Nos, 208; 209.] 


Except.in the case of the two inactive cases of congenital syphilis, 
the serum was invariably positive and the cerebrospinal fluid negative. 

The two negative cases (Nos. 208 and 209) were instances of old 
congenital syphilis, in which the disease had almost died out. Such 
cases commonly give a negative reaction. . (C.f. J. L. Gordon [15] on 
the effect of age upon the reaction in congenital syphilis.) 

The cases of syphilis without involvement of the nervous system 
recorded in the literature reacted in a manner similar to ours. Plaut 
[40] in twenty-seven cases of manifest and latent syphilis found 
negative reactions in the cerebrospinal fluid in every case, while Boas 
and Lind [6] obtained the ‘same result in ten. Hauptmann [16] also 
found no positive reactions in thirteen cases. 

The most extensive observations on this subject have, however, been 
carried out by Altmann and Dreyfus [1], and it appears therefrom that 
in secondary syphilis, not apparently in the acute stage but after the 
healing of the chancre, a positive reaction may be found in the cerebro- 
spinal fluid. 











Positive Negative 
Primary syphilis .. 0 7 
Primary and secondary syphilis 0 21 
Secondary soe 11 24 
Tertiary syp 0 2 





Several of these positive reactions were obtained only with high 
concentrations of cerebrospinal fluid, but, on the other hand, one was 
positive even with the smallest quantity by the original method. 

. Similar resulte have been described by Max Fraenkel [14], who 
found five cases of secondary syphilis positive in fifteen. These in- 
vestigations lead us to believe that if we had tested a larger number | 
of cases of late secondary syphilis, positive results might have been 
encountered. At the same time it is possible that when such cases 
give a positive result, a very careful clinical examination may reveal 
actual evidence of an organic lesion in the nervous system. If positive 
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reactions are found in cases in which there is no apparent lesion of the 
central nervous system, it might be.thought that the test loses some of 
its practical value, since it has been universally held that a positive 
reaction in the cerebrospinal fluid indicates a syphilitic lesion of the 
central nervous system, The cases; however, are not^really exceptions 
to the rule, since the positive results are clearly an index of an inflam- 
matory process occurring in the meninges, a view which is also sup- 
ported by the occurrence of a pleocytosis in the cerebrospinal fluid. 
From the‘ investigations of Ravaut [47], and among many others of 
Altmann and Dreyfus, it is seen that a large number of cases of secondary 
syphilis show marked pathological changés in the cerebrospinal fluid 
(tension, pleocytosis, increased proteid content); and it is not therefore 
difficult to assume that a meningitic. process is common, and that this in 
isolated cases may even lead to an exudation of Wassermann substances 
into the cerebrospinal fluid. Of great theoretical interest also is the case 
of Zaloziecki [60]. He obtained a positive reaction in a case of tuber- 
culous meningitis occurring in a congenital syphilitic patient, which 
suggests that the inflammatory exudate derived from the meninges 
carried with it certain constituents of the blood serum including the 
Wassermann body, which thus was detectable in the cerebrospinal 
fluid. The case supports the view that a lesion of the pia mater is 
necessary for a passage of the reacting body into the fluid, 

(b Non-syphilitic patients with disease of the central nervous 
- system.—The necessity for these controls lies in the fact that isolated 
instances of positive reactions in the cerebrospinal fluid have been . 
"reported in non-syphilitic conditions, the positive result being alleged 
to be due to the destruction of nervous tissue and the liberation of 
lipoids as occurs rarely in the serum as a result of a general anssthetic. 
The cases quoted do not in our opinion require extended notice, since 
the reports of the best technicians have not confirmed them.  Haupt- 
mann [16] tested seventy-five cases of non-syphilitic disease of the 
nervous system, and although some of the DANS were ipeum no 
positive reactions were observed. 

We have examined examples of the following conditions :— 
- . Old anterior poliomyelitis, Nos. 2, 172. | 

Neurasthenia, Nos. 4, 41, 174. "ME 

_ Spinal tumour, Nos. 31, 151. 

Disseminated sclerosis, Nos. 34, 99, 108, 162, 168. 

Cerebral tumour, Nos. 6, 40, 101, 113, 118, 121, 124, 179, 181. 

Vascular conditions, Nos. 42, 49, 57, 81, 100, 163, 185, 190. 
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Syringomyelia, No. 43. . 
Peripheral neuritis, Nos. 136, 141, 180. 
Epilepsy, Nos. 137, 195. 
Amyotrophic lateral sclerosis; No. 153. 
Subacute combined degeneration of cord, No. 178. 
_ Primary optic atrophy. Pituitary tumour. No. 176. 
|... Congenital ophthalmoplegia interna, No. 191. | 
. Àmentia, No. 198. 
Acute delusional states, Nos. 194 and 195. 
These forty-two cases gave negative actions both in the serum and 
in the cerebrospinal fiuid. It should be pointed out, however, that the 
reaction of No. 100 (vascular condition) showed slight inhibition in 


: f _ serur .0.0.0.0:0. 
the cerebrospinal fluid, thus cf 20000 


very slight transient hemiplegia, and although there was no evidence 
of syphilis obtainable, nevertheless a trivial thrombosis is precisely the 
form of lesion which might give a negative reaction in the serum and 
a slight positive in the cerebrospinal fiuid. We have retained the case in 
its present position because 2.0.0.0.0. represents a negative reaction, and 
there was no other evidence of syphilis. Similarly No. 151 (spinal 
.0.0.0.0.0, 
1.0.0.0.0. 


Pod 


This was & case of 


tumour) gave a reaction but in this case the significance, 


if any, is not clear. 


SUMMARY OF THE INCIDENCE OF THE REACTION IN NEUROLOGICAL 
WORE: 


In dementia paralytica and tabo-paresis a strong reaction is practi- 
cally constant in both serum and cerebrospinal fluid. A negative 
reaction will make a diagnosis of these conditions highly improbable. 

In" tabes dorsalis the reaction is positive in serum and cerebro- 
spinal fluid, except when the condition has subsided as a result of 
time or treatment. The strength of the reaction is often not so 
great as in dementia paralytica; on the other hand, it is often as 
great. : 
^J In untreated cerebrospinal syphilis the reaction in the cerebrospinal 
fluid varies according to the site of the lesion. When the spinal cord 
is involved it is positive and usually very strong, but when the spinal 
cord is not involved it is very inconstant and when present weak. The 
reaction is present most often in recent lesions. In treated cases the 
reaction is present in the cerebrospinal fluid according to the oe 
or otherwise of the treatment, 


234 ORIGINAL ARTICLES AND CLINICAL CASES 


In syphilis without an organic syphilitic lesion of the central 
nervous system, the reaction in the cerebrospinal fiuid is negative. 
The occurrence of a reaction in the cerebrospinal fluid, therefore, 
indicates a syphilitic lesion of the central nervous system. 

In non-syphilitic diseases of the central nervous system the reaction 
is negative. 


CHAPTER IIL—THE EFFECT OF ANTI-SYPHILITIC nn Eu 
THE WASSERMANN REACTION. 


INTRODUCTION. 


As first pointed out by Citron the incidence of the Wassermann 
reaction is dependent largely upon whether anti-syphilitic treatment has 
or has not been applied; he found that more numerous positive reactions 
were obtained in those cases of syphilis which had not been treated, 
than in those which had been treated with mercury. At first, however, 
the effect of mercury upon the reaction was not generally recognized, 
chiefly because this substance was seldom successful in turning a positive. 
test into a negative; and it was only on the publication of the quanti- 
tative technique of Thomsen and Boas, that it became obvious that a 
diminution in the strength of the reaction was a constant feature of 
treatment, even though the fully negative result was not often obtained. 

Following the introduction of salvarsan it was found that the reaction 
could be rapidly influenced in certain cases and, owing to the shorter 
period of observation necessary, ib was possible to estimate with a 
certain degree of accuracy when the reaction might be expected to 
become negative. We early found that the effect of intra-muscular 
injections of salvarsan upon the reaction differed greatly according to 
the stage of the disease present. Thus according to our results [26], 
the reaction in primary syphilis usually became negative in five weeks. 
No case failed to become negative. In secondary syphilis the average 
was eight weeks and one third of the cases failed to become negative. 
In early latent syphilis negative reactions were obtained in ten weeks, 
while in tertiary syphilis only one negative reaction was observed. 

From these figures it was clear that the longer the infection had 
been present, the more difficult was it to obtain a negative reaction. 

. Tater, when intravenous injections were used and a larger total 
dose, the effect was found to be more definite. The time required to 
produce a negative reaction in secondary syphilis was slightly reduced,. 
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and no case failed to become negative, while in tertiary cases the 
negative results were more frequent. 

With improvements in the technique of the reaction, and particularly 
with the introduction of the heart-cholesterin antigen, we found that the 
effect of anti-syphilitic treatment became less obvious in that it required 
a considerably longer period of time to render certain cases negative. 
Since the test was very much more searching, it was possible to detect 
the reacting body in the serum for a longer time than with the older 
methods. It is therefore necessary to give new average figures accord- 
ing to the technique at present in use. 

In discussing the effect of anti-syphilitic treatment we are compelled 
to confine ourselves to the effect of salvarsan and neo-salvarsan, since 
we know of no recent records relating to the action of mercury. The 
exact effect of this latter drug has never been satisfactorily worked out, 
since research into the question ceased .after the introduction of the 
more potent substances. 


THE HrrEOT OF TREATMENT UPON THE REACTION IN ACUTE 
| SYPHILIS. 


Examples of the Effect of Treatment in Acute Secondary Syphilis. 


Case M. Li.—Treatment, 2'7 grm. neo-salvarsan in five days. 
Seru 











m 
At time of first dose " 4.4 4.4.4. 
2 weeks after first dose .. 4.4.4.4.4. 
d si 4.4.4.4.0, 
6 —— 4 2.0 0.0 
8 ———— ———— —— * 0.0 0.0.0. 


- 


Case J. M.— Treatment, 2'0 grm. neo-salvarsan in seven days. 
4 











At time of first dose ki 25 ET 4 4.4,4.4. 
2 weeks after first dose .. bg s 4.4.4.4.4. 
4 - — — —— o. oe vd 4 4.4.4 B. 
6 — — — — — ——— 4.4.4 1.0. 
8 — 4.4.4.9.0. 
10 — 4.4.0.0.0. 
VQ nnn aiiis 0.0.0,0.0. 
Case A.'T.—Treatment, 2°4 grm. neo-salvarsan in five ays. 
y rum 

At time of first dose 4.4,4.4.4. 
2 weeks after first dose‘ .. 4.4.4.4.4. 
—— —— — &.4.4.4.4. 

6 —— — ^ 4.4.4.4.0 
8 EUMD MM 4.2.0.0.0. 
10 — — — iM 0.0.0.0.0. 
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We have examined nine cases of acute secondary syphilis at regular 
short intervals in order to arrive at the shortest time occupied in 
reducing the positive reaction to negative.. The method of treatment 
was to inject intravenously three doses of neo-salvarsan, within a 
period of five to ten days. The total dosage varied from 2°0 to 
27 grm. It was found. that the shortest interval before the establish- 
ment of a negative reaction was one and a half months and the longest 
three months. The average of the nine cases was two and.a half 
months. Comparing these results with those formerly obtained by us 
when using salvarsan and the old Wassermann technique, it is seen that 
the reaction tends to persist-for a slightly longer period with the newer 
method. 


TER EFFECT OF TREATMENT UPON THE REACTION IN TERTIARY 
SYPHILIS. 


In treating cases of tertiary syphilis we soon found that the effect 
of salvarsan, as measured by the Wassermann reaction, was entirely 
different compared with the effect in secondary syphilis. Instead of 
achieving the desired result regularly in a few weeks, we were in many 
cases unable to detect any diminution in the reaction over a period of 
many months with the old methods. Sometimes when the reaction 
was feeble at the outset a negative test with heart-antigen was eventually 
attained, but in the majority of these the sera were found to give a 
positive reaction again with the heart-cholesterin antigen. With the 
methods at present in use we are forced to confess that the production 
of & negative reaction in tertiary syphilis is a relatively rare phenomenon. 
Without doubt, however, this result, at any rate in hospital practice, 
is in part due to the difficulties in dealing with the patients. In almost 
every case the symptoms rapidly disappear after the first dose, and it is 
therefore difficult to induce the patients to re-enter the hospital for a 
chronic intermittent form of treatment. By this method it is, of course, 
possible to demonstrate a.more marked effect of treatment, but even 
then it is still a question of many months before this is apparent as 
opposed to a few weeks in the acute stages. 

The effect of treatment in the period between the acute secondary : 
and tertiary symptoms depends upon the age of the infection; the 
earlier cases correspond more to the acute type, while the later tend 
more towards the tertiary. When the acute stage is passed, however, 
the reaction soon becomes: much more refractory to treatment. . 


t 
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The following cases are examples of the effect of treatment as 
measured by the present technique. 
Egzamples of the Effect of Treatment in Tertiary Syphilis. 


Case A. 8.—Treatment, 1'4 grm. neo-salvarsan at first, 0'9 grm. neo-salvarsan 
at third month. 


Serum 
At time of first dose oe we’ ° 4.4.4.1.0. 
2 months after first dose .. ae 3% 4.4.1.0.0. 
re —— aa da a 4.4.1.0.0. 
 ————— 4,8,1.0.0. 
B ————————— o. wa od mm 
10 —————————— ing - m 3.2.0.0.0. 


Case E. M.—Treatment, 4'9 grm. neo-salvarsan in six months. 











8 
At time of first dose ‘a E "m 4.4,4.4 4, 
9 months after first dose  .. se Y 4.4.4 4.4. 
4 —— ———— ix d T 4,4.4.4.4, 
6 . — 4,4.4.4.4. 
a eres es 44.4.4 4. 
10 —— gg ios e. “msma 
12 nn gg Gy vs 4.4.4.8.0. 
Case H. G.— Treatment, 1°7 grm. salvarsan in six days. 
: Serum 
At time of first dose D^ An .. , 444 4,8. 
2 months after first dose  .. FR 25 4.4.4.8.0.. 
4 ——————— e i m 4.4.4.0.0. 
Bm, - T 4.4.4,0.0. 
8 ——————— 0. ar 6s 4.4.4.0.0. 
19 i, js T 4.4.4.4.0. 
J| RE — A x aie 4.4.4.4.0. 


The comparatively small effect of anti-syphilitic treatment upon the 
Wassermann, reaction in chronic syphilis might be due to two causes. 
Firstly, the spirochstes may be readily destroyed and still the reaction 
may be produced, or, secondly, the spirochstes may not be readily 
destroyed and thus the reaction may continue. Since it is generally 
admitted that the phenomenon directly depends upon the presence of 
‘the spirochette, the first assumption may be looked upon as improbable, 
and particularly when it is remembered that under certain circum- 
stances the spirochmtes admittedly avoid destruction. We refer to the 
relatively frequent occurrence of relapses in the nervous system after an 
apparently complete cure, showing that spirochetes occupying this 
position commonly escape a destructive agent in the blood-stream. 
Again we may refer to the extraordinary frequency of syphilitic 
affections of the aorta and large vessels. In a series of cadavers taken 
‘at random, Turnbull and one of us [P. F.] found that in the great 
majority of cases in which &'positive Wassermann reaction was found, 


t 
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syphilitic mesaortitis was present, often unaccompanied by any other 
syphilitic lesion. This result suggests that spirochetes lodged in the 
walls of the large arteries are largely immune to the effect of a . 
spirochsticidal substance in the blood-stream, and this view is supported 
by the fact that the Wassermann reaction is usually more resistant 
to treatment in mesaortitis than in any other manifestation of syphilis. 
So commonly is mesaortitis found in the post-mortem room and so 
resistant are these cases to treatment, that it may almost be said that 
a chronic case of syphilis, in which the reaction is readily reduced, is 
unlikely to show mesaortitis, and conversely if no effect can be produced 
upon the reaction by treatment, the probability of the presence of 
mesaortitis will be increased. 

From these considerations it appears probable that in the chronic 
cases of syphilis, spirochetes may commonly occupy positions which do 
not readily come under the influence of treatment. It will then happen — 
that when a case of cutaneous ulceration has been treated, the few 
spirochstes are destroyed and the lesion healed, but very little effect 
is observed upon the Wassermann reaction, because another focus in 
the aorta or central nervous system continues undisturbed the pro- 
duction of the reacting bodies. 


THE Errect OF TREATMENT UPON THE REACTION IN SYPHILIS 
OF THE CENTRAL NERVOUS SYSTEM. 


Variations in the strength of the Wassermann reaction following | 
anti-syphilitic treatment in diseases of the nervous system do not appear. 
to have been noticed to any great extent. 

Plaut (1909) [41] was unable to detect any definite diminution in 
the reaction in the serum or cerebrospinal fluid in cases of dementia 
paralytica or even in cerebral syphilis, although in both conditions a 
great fall in the cell content of the cerebrospinal fluid might occur. 

In 1913 Plaut, Rehm and Schottmiiller [45] pay very little atten- 
tion to the question. They state that previously to the introduction of 
salvarsan, no effect was produced in dementia paralytica by anti-syphilitic 
treatment; with salvarsan, however, a distinct diminution in the 
reaction in the cerebrospinal fluid may occur; indeed in rare cases this 
may become negative. 

In general it may be said that anti-syphilitic treatment is not 
expected to exert any definite beneficial effect upon the reaction in 
dementia paralytica, while in tabes dorsalis a diminution may be more 
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frequently met with. As regards the behaviour of the reaction in the 
cerebrospinal forms, it cannot be said that any definite opinion has 
been expressed. 

The failure of the reaction in the cerebrospinal fluid in dementia 
paralytica to respond to treatment is largely assumed from the work of 
Plaut in 1909. At the same time it must be pointed out that the 
intervals between the tests in Plaut’s cases were short and were hardly 
sufficient to allow of the detection of any alteration if it had occurred. 


Again, it is so little the practice to apply intensive treatment to 


a 


“general paralytics” that the number of observations is meagre. 
Farther, if such treatment is applied to early cases, it is very difficult to 
keep them under observation, while in the later asylum cases, little 
beneficial result can, be expected. Thus, on the evidence available, it 
appears premature to assume that the reaction cannot be diminished in 
the cerebrospinal fluid of cases of dementia paralytica. 

In tabes dorsalis the general opinion upon the effect of treatment is 
probably deduced from the variable occurrence of the reaction. For 
instance, if it-is relatively common to find stationary cases with negative 
Wassermann reactions if is not difficult to suppose that these have been 
produced, at least in part, by treatment. Weare, however, unacquainted 
with any direct demonstration of the effect 9; anti-syphilitic OdG in 
tabes dorsalis. 

This question would appear to be one of considerable — 
since ıt must be held that variations in the strength of the reaction in 
the cerebrospinal fluid are in most cases indications of fluctuations in 
the intensity of the syphilitic process in the central nervous system. 
Thus the effect of treatment upon the reaction in the cerebrospinal 
fluid assumes an important prognostic réle. 

In classifying the results of our investigations we have met with 
considerable difficulty. As will appear from the works of Dr. Head and 
Dr. Fearnsides, some cases of “ general paralysis" and “ tabes dorsalis ” 
when submitted to intensive treatment have behaved in such a manner 
as to render their inclusion among the group of “ parasyphulitics " 
anomalous. Although by definition and supposed pathology these cases 
should be incurable, nevertheless the salvarsan injections have in many 
instances produced a profound amelioration. This fact and certain 
other considerations have led Dr. Head and Dr. Fearnsides to transfer 
several cases which might at first sight have been called “ general 
paralysis" and “tabes” to the group of -‘‘ cerebrospinal syphilis.” 
The diseases dementia paralytica and tabes dorsalis are clinical concepts, 
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and, as we have already pointed out [29], every example does not 
necessarily fall into the same pathological group. They are not all 
" parasyphilitic " in the original sense, but some are actively syphilitic, 
&nd therefore to group these cases together would produce a clinical 
rather than & pathological classification. 


In the following account of the result of treatment upon the 


Wassermann reaction we have adopted the clinical classification in 
order to make our results comparable with those of previous workers ; 
nevertheless it must be clearly stated that from our pathological point 
of view such a method is incorrect, and, also, in particular cases, may 
even be unacceptable from the refined clinical standpoint. 


Dementia Paralytica and Tabo-paresis. 


The effect of treatment upon the Wassermann reaction in dementia 
paralytica is very difficult to gauge in hospital practice owing to the 


lack of control over the patients; nevertheless, in the few cases examined , 


we have often found.a very material diminution which has corresponded 
with an improvement in the clinical condition. 


When the effect of treatment is to be estimated in disease of the ` 


central nervous system, the cerebrospinal fluid only has any direct bear- 
ing, since the serum is also under the influence of any other syphilitic 
focus in the body and may remain unaltered in strength, although the 
focus in the nervous system, as shown by a negative reaction in the 
cerebrospinal fluid, has resolved. Thus in order to follow treatment it 
is essential to perform lumbar puncture periodically, & proceeding which 
is sometimes resented, 


Examples : 


Case 32.— [Dementia paralytica]. 
Serum Cerebrospinal fluid Tıeatment 
At time of first dose .. 44421 .. 44482, .. O°6 grm. salvarsan. 
1 month after firstdose .. | ————— .. . (0*6 grm. salvarsan. 
2 months eis 
8 
4 


Bd a ar 








ENG 
—— 
Des um Pr MIRA Fidi m — —— Ld 
af 
ne nna M 
———M 


L4 
NO Nt een 
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| 
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Case 20.— [Tabo-paresis] 








: Serum Oerebrospinai fluid Treatment 

At time of first dose - 4443.1. .. 4444.1. ..2 1:8grm. neo-salvarsan 
1 month after first dose .. |-————  .. | ———— 
2 months -——————— s ——— 
8 —-. —— .. 
4 —. = & 4.4.1.0... ——— — .. Ig. neo-salvarsan. 
b Bias Geet ut oe, 
6 T 
g uus poe eas 
8 rr — 
De rn ERO 

10 —— — aa Ico 

11 ———— 5, 444.8.9.  .. 4.4.4.2.0. 

Oase 90.—['T'abo-paresis ]. 
. Ps ' Serum Cerebrospinal fluid ' Treatment 

At time of first dose ..  4.4.4.4.0. .. 44440. .. XT grm. neo-salvarsan.” 
1 month after firat dosa .. | ———— | .. | ———— 
2 months — 0 |... 
8 . 
MU ||... — 
B —————— ge 
eh ..— 4.4.8.0.0. 


Case 120.— [Probably encephalitis simulating dementia paralytica]. 


Serum Cerebrospinal fluid Treatment 
At time of first dose .. 4.2.0.0.0. ..  4.8.2.0.0. .. 0°6 grm. salvarsan. 
I month after first doge .. | ———-—— | .. | ————— 
9 monihs —— .. — ee ——— 


S————— e 00.0.00. .. 0.00.00. .. O9grm.noo-salvarsan. 
I 


1l————————————— .. 0.0.0.0.0. 


On examination of the four cases illustrated, it will be seen that 
three (Nos. 20, 90, and 120) showed a definite diminution in the 
reaction in the cerebrospinal fluid, while the fourth (No. 32) was 
unaltered. It should be mentioned that Nos. 90 and 120 are no longer 
looked upon as uncomplicated cases of “ parasyphilis,” but are now 
included among the active syphilitic processes. 


It would appear from these results that salvarsan treatment ‚is not . 


without effect upon “general paralysis" and “tabo-paralysis” in the 


ordinary usage of these terms. In some cases, perhaps, the result of 


treatment may be neglected, but in others it is so marked as to suggest 
that the pathological process is not identical in all. When the effect of 
treatment is most pronounced, it is often found that there is evidence 


1 
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of an active involvement of the meninges, that is to say, such cases 
appear to be transitional forms between the true dementia paralytica 
and cerebrospinal syphilis in the sense of our previous publication [29]. 
In pure "parasyphilis" we assume a lesion practically confined to the 
nerve structures and resistant to treatment. In most cases of “ para- 
syphilis,” however, the lesion is not so restricted, and actively involves 
the vascular structures. This. element of “parasyphilis” will be 
curable. . l - 
Tabes Dorsalis. 

Since the Wassermann reaction in tabes dorsalis may be found to be 
negative, it might be expected that treatment in these cases would have 
a greater effect than in dementia paralytica. We have, however, been 
unable to demonstrate any marked difference, as the following examples 
will show. When the ahti-syphilitic treatment consists only of mercury, 
it is true that after a prolonged period a diminution may be found in 
tabes dorsalis, while none is evident in dementia paralytica. This result, 
however, is largely due to the early death of the “paralytic” before 
mercury has had time to reduce the disease to a state of chronicity as 
in tabes dorsalis. | 

































































Examples: 
Case 37.— 
Serum Cerebrospmal fluid Ti eatment 

At time of first dose .. 4.4.2.0.0. .. 4.4.8.1.0. .. 0'9 grm. neo-salvarsan. 
1 month after firat dose £e .. 0'9 grm. neo-salvarsan. 
2 months ner 1432.00, ..  ———— ——— f 
Me ee nn EON AEE 
4 "ec 
5 ——— 4.4.4 9.0. 
ee si : 
T -— 444.20. .. 4.4.9.0.0. .. 09 grm. neo-salvarsan. 
B eee er ec 
9 IL EEE IRRE 

10 —— — MEC 

11 — —— —4,4.4.2.0.. «2 4,4,2,.0.0, 

Case 150.— 
Serain Ocerebrospinal fluid Treatment 

At time of first dose .. 44442. .. 4.4.8.0.0. .. 2°7 gem, neo-salvarsan. 
1 month after first dose Eu . 
2 months eie — 
8 REOR MUR. . dr EAE ua 
CEU CT uie 
0 s TP enge u— 
6 mue neus Tuv 
Van) en — 
8 ee ae nal any 
9. —— "ect 

jf) ss 2 men eee eed e P 

1 nn 18 vu E: 10.0. 
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Case 195.— 























Serum Cerebrospinal fluid Treatmeut 
At time of first dose .. 44.4.4.8. .. 444483  .. 277 grm.neo-salvarsan. 
l month after first doge ., 
2 months ———————— . 4444.1.  .. ; 
8 ————————— Á—— .. 44444. .. 444.00. .. 0 8grm. neo-salvarsan. 
4 ——————— ..  4.4.4.4.2..  .. 2 2 grm. neo-salvarsan. , 
B ——————————— — 0 44441 eee 
6 —————————— .— 444439.^..7 
Ve ————— ae — 
8 —————————————— .. 0444.40. .. 44.3.0). 


Cases Nos. 87 and 150 were both classical examples of tabes dorsalis, 
and the treatment administered resulted in no obwous alteration in 
the reaction. In No. 125, however, a very material improvement 
resulted, and this coincided with a clinical improvement. This case 
has been transferred to the cerebrospinal syphilis group owing to 
evidence of an active meningeal lesion, and probably represents a 
transitional form between the pure uncomplicated “tabes” and those 
"active" lesions which. do not primarily involve the nerve-tissues 
proper. 

We conclude, therefore, from these results that anti-syphilitic treat- 
ment is almost without effect upon the pure “ parasyphilitic’” tabes 
dorsalis, as also upon the pure dementia paralytica; but in a number of 
cases diagnosable as ''tabes," or “ general paralysis," treatment has a 
very definite effect, and such cases show clinical evidence of an asso- 
ciated interstitial syphilis. 

It should be noticed that although treatment has little or no effect 
upon the reaction in the pure '' parasyphilitic " cases, this result cannot 
be looked upon as in any way characteristic of this condition. We have 
already shown that in many cases of pure tertiary syphilis, treatment is 
apparently abortive; thus it cannot strictly be said that ''parasyphilis ” 
is any more incurable than tertiary syphilis: If the index of "cure" 
is taken to be the disappearance of clinical symptoms, the difference 
between the course of “ parasyphilis" and tertiary syphilis is marked; 
but, judging the Wassermann reaction to be a measure of the effect 
upon the virus, it is seen that the apparent effect of treatment in 
tertiary syphilis is largely illusive. At any rate, the difference is 
purely one of degree, and it is too slight to support the view that 
* parasyphilis" is a condition distinct from syphilis. 


Cerebrospinal Syphilis. 


Turning to those cases in which the syphilitic process is usually 
described as being “active” as opposed to “ parasyphilitic,” we find 
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that the effect of treatment is very much more marked; indeed, in 
most cases the reaction in the cerebrospinal fluid may readily be 
reduced to negative. 


Example of acute cerebrospinal syphilis = 





Case 59.— 
Berum Cerebrospinal fwd Treatment 
At time of first dose 4.4.4.4.4. 4.4.4:4.8. .. 1:8 grm, neo-salvarsgn. 
1 month after first dose .. 4.4.4.4 4. 4.4.4.1.0. 0-9 grm. ` J 
2 monis— — , 4.4.4.4 8. 4.4.8.0.0. 0:9 grm. " 
B uses —— — HOP 
4 ——— o. ——— ee 
: 5 —— — 4.4.1.0.0. 0.0.0.0(0. ..  QO9grm. js 

6 —————— — 1 0.0.0.0. ———— 4, (09 gem. » 
7 — 4 . 
8 ewm —— — — 
9 . 

10 -———————— .. 

H — s T 

12 —————————— ..  540.0.000 ... ————— 


In this case of acute cerebrospinal syphilis the onset of the condi- 
tion was seven months after infection, the patient being in the secondary 
stage. He had’ undergone six months’ mercurial treatment. It will be 
seen that the salvarsan injections had a rapid effect upon: the cerebro- 
spinal fluid, which was found to be negative after five months. The 
serum was also quickly reduced to normal, although the effect was not 
so prompt as in the cerebrospinal fluid. 


Examples of chronic ‘cerebrospinal syphilis : 
Case 19 — 


At time of first dose 

1 month after first dose .. 
2 months 
3 — ; is pi 
rr và ——Ó 807 
BIL———————————— a. 


6 ————————— nn nn 


Cerebrospinal fluid 
. 44.482 .. 


Serum 


d Treatment 
4.4.4.4.8. 


1:5 grm.neo-salvarsan. 


i Mn kl gl ll missen hen Auer 


MM ee ee a a) 


0.0.0.0.0. .. 
Case 74,— i 


Cerebrospinal fluid . 
At time of first dose s 4.4.4.8.1. .. 
l month after first dose une seen 

2 months 


9 — 


0-9 grm.neo-salvarsan. 


Treatment 
2:7 grm. neo-salvarsan. 
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- Case 184.— 
. : Rerum Cerebrospinal fluid Treatment 
At time of first dose .. 44440. .. 44444, .. 0-6 grm. salvarsan. 
Lmonth after first dose .. | —————- 0.20  .. O89 erm. neo-salvarsan. 
2 months -——————— .. — 4.4.4.4.4. 0 ..° — 
8 — ————————— «e T 
g 4 arn .. 421.00. .. £.2.0.0.0. ..  O'0grm.neo-salvarsan. 
‘Case 146.— 
Berum Oerebrospinal fluid Treatment 
3 months before first dose 4.4.4.4.4, .. 4.4.4.4.2: 
2 monthg ————————- ee ps — 
1 Mond 3: eee no S—— 
At time of first dose 0.02. 18grm. neo-salvarsan. 
1 month after first dose .. | ———— eo — 
2 months-— i —— — 
B ee, | = 
4 isesi .. 44.8.40. .. 410.00. .. 0-9 grm. neo-salvarsan. 


From the few examples detailed above it is clear that the positive 
reaction, in the cerebrospinal fluid of cases of acute and chronic syphilis 
of the central nervous system is rapidly influenced by specific treatment, 
although the serum in the latter condition is less affected, as in chronic 
syphilis elsewhere. When it is remembered that the reaction in the 
cerebrospinal fluid of pure ''parasyphilis" is little affected by treat- 
ment, while in cerebrospinal syphilis the effect is pronounced, it would 
appear that the result of treatment may be taken as some indication 
of the presence or absence of ‘ parasyphilis.” If, after sufficient 
treatment the reaction in the cerebrospinal fluid rapidly diminishes, the 
probability i is greatly in favour of a lesion mostly lymph-vascular, and 
thus the prognosis is much better than when the reaction is rond to be 
resistant to treatment. In the latter case the presence of a “ para- 
syphilitic "' nerve lesion is to be suspected and the prognosis should be 
guarded. 

The reason for the relative futility ‘of treatment in the “ para- 
syphilitic” conditions. is doubtful." According to some, the source of the 
reacting substance in '' parasyphilis " is the degenerating nerve-cell, and 
since this degeneration is progressive, the supply of reacting substance 
will be continuous and unaffected by treatment. This explanation is, 
however, highly improbable. The ongin of the reacting substance 
everywhere is the specific activity of the Spirochæta pallida exerted 
upon the neighbouring cells. When ‘the nerve-cells are intoxicated by 
this organism, they no doubt give rise to a quantity of reacting substance, 
but the subsequent degeneration has in' it no syphilitic element and no 
specific bodies will be liberated. | 

We consider that the more probable explanation for the lack of 
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effect in “ parasyphilis” and the marked effect in syphilis, is that the 
focus of origin of the reacting substance in the former case is not 
resolved by treatment, while in the latter it rapidly disappears. 
Cerebrospinal syphilis is a lesion chiefly or entirely confined to the 
lymph-vascular tissues of the brain and practically always involves 
the meninges. The products of this inflammation including the 
Wassermann substance appear in the cerebrospinal fluid as an exudate 
from the surrounding meninges, and thus if the inflammatory process 
is resolved by treatment the local production of Wassermann substances 
will rapidly cease. If comparison may be made with active syphilitic 
lesions elsewhere, it is probable that a gummatous meningitis may be 
entirely healed in a few days, and thus the arrest of reacting bodies 
will be sudden; nevertheless in practice it is always found that the 
reaction persists for several months and gradually diminishes in strength, 
and, in our view, this is due merely to the stagnation of the cerebro- 
spinal fluid. ) 

If, therefore, the behaviour of the cerebrospinal fluid after treatment 
of cerebrospinal syphilis is readily explicable, the same cannot be said of 
"parasyphilis.' In this condition the syphilitic process persists and 
therefore it is clear that the Spirochzta pallida must persist in spite of 
treatment. This phenomenon might be due to the development of a 
resistant strain of spirochetes, when treatment throughout has been by 
the same drug, but it would not explain the futility of salvarsan, when 
a, patient had previously been treated by mercury. It may also be said 
that the assumption of a resistant strain of spirochstes is not supported 
by much experimental evidence. 

A more probable explanation of the failure of treatment to destroy 
the spirochsete is to be found in the case described “by us in 1911 [27]. 
An infant which died after salvarsan treatment was found to have 
arsenic in all the organs examined with the exception of the brain, and 
from this it may be deduced that arsenic does not penetrate to the 
substance of the brain. Such an occurrence would of course account 
for the survival of spirochesetes situated in the brain-tissue proper, as in 
‘* parasyphilis,” and for the continuation of the supply of Wassermann 
substances. Since, however, the passage of these substances into the 
cerebrospinal fluid depends upon a pathological alteration of the pia 
mater, it might be objected that the alteration present in “ pars- 
gyphilis " should be resolved and the exudation of Wassermann bodies 
prevented. On the other hand, the affection of the meninges in pure 
" parasyphilis" is not a primary process due to the Spirochsta pallida 
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locally, but is secondary to the micro-organism lying in the nerve- 
tissues at a distance ; thus the infiltration of the pia will persist so long 
as the spirochste persists, in spite of the fact that the arsenic may have 
free access to the meninges. 


THE EFFEOT oF TREATMENT IN PRODUCING EXACERBATIONS OF 
THE REACTION. 


It has long been recognized that injections of salvarsan or mercurial 
inunctions sometimes produce an exacerbation of the Wassermann 
reaction, so that if may become positive when before treatment it was 
negative, or there may be a quantitative increase in a previously positive 
reaction. Since the introduction of salvarsan these exacerbations have 
become more common, and the word “ provocative " has been applied to 
an injection which produces this result. The phenomenon has con- 
siderable theoretical interest, and also, to a certain extent, a practical 
value, especially in neurology. i 

The practical utility of  “ provocative” injection lies in its in- 
tentional application in order to produce a positive reaction in a 
suspected case of syphilis, in which it was previously negative. Thus 
.the “ provocative” injection may have considerable diagnostic value. 

Further, it has been laid down that if an individual with a negative 
reaction, but known to have had syphilis previously, does not show an 
exacerbation of the ‚Wassermann reaction as a result of an injection 
of salvarsan, he may be looked upon as being cured. 

In our opinion this latter assumption is without sufficient foundation ; 
the only deduction to be made from such an occurrence is that at the 
time of the injection the individual had no active syphilitic lesion, but 
it does not preclude the possibility of an exacerbation or relapse of 
syphilis at a later date. 

In order to disclose an exacerbation after a “ provocative” injection, 
it is advisable to test the reaction more than once, since the time of its 
occurrence cannot be accurately foretold. Suitable periods are one and 
two weeks after the injection, but if only one test is to be made, this 
may be applied ten days after. 

It is important that only one dose be given, since & repetition of the 
injection may abort an exacerbation before it has developed sufficiently 
to be detectable. ' f 
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Examples of “ provocative " reactions : 
Case 144.— Stationary tabes dorsalis. ' 
































Cerebro~pin.tl 

| Beruin dauid" 

10.7.1912 PM 0.0 0.0.0 0.0 0.0.0. 
16.7.1912, F a ne ee ne || ea 0.0.0.0.0. 
18.7.1912 Injection 0-6 grm neo salvarsan | 0.00.0.0. | ---- - 
20 7.1912 dee iene 0.00.00. | ----- 
22.7.1912 en 000.00 | ----- 
24.7.1912 "—— ceo 0.0.0 0.0 
.7.1912 ——— 1.1.0.0.0. | - ===» 
.7 1912 ——— —— doce 00000 
7.1912 ————— 0444.10. | ---.- 

1 8.1912 Injection 0 9 grm. neo-salvarsan | ----- | ---+- 
7 8.1912 — — M — 4 4.4.8.1 1.0.0.0.0. 
0.8.1912 Injection 0 9 grm. neo-salvarsan Tc T--1-- 
8 10 1912 —M nn 0.0.0.0.0 0.0.0.0.0. 
' 14.10.1912 Injection 0 6 grm neo-salvarsan | ----- | ----- 
23.10.1912 —— —S cx EMG CMM MIS 0.00.00. | --+-- 





A “provocative” reaction appeared in the serum, but not in the 
cerebrospinal fluid seven to twelve days after the injection. 
Case 94.—Cerebrospinal syphilis. 








| Serum | Cerebrospinal 
fluid 
16.10.12 — — M ——— 0.0 0 0.0. 4.4.4.3.0. . 
21.10.13 Injection 0-9 grm. neo-salvarsan | ----- | -- CILE 
30.10.19 m — —— —— 000.00. | ----- 
81.10.12 | Injection 0 9 grm. neo-salvarsan | ----- | ----- 
2.11.12 nn nn e 0.0.0.00. | ----- 
5.11.12 ot 0.0 0.0 0 4,4.4 8.0. 
17.1 18 Injection 0:8 grm. neo-salvarsan | ---+- | ----- 
29.1.18 m 4.8 2.0.0. | ----- 
23.4.18 1 0.0.0.0. 0.0.0.0.0. 


\ 


t 


In this case no “ provocation "of the reaction occurred within nine 
days of the first dose, although the patient was clearly syphilitic. The 
reaction in the serum subsequently.became positive, but it is doubtful 
whether this was due to the injection given five days before. 





Case 106.—-Cerebrospinal syphilis. 


| Rerum Cerebrospinal 
fluid 
24.1.12 M m u nn 4 4.4.4.4 4.4.0.0.0. 
27.1.12 Injection 0:6 grm. salvarsan | ----- |, ----- 
81.1.12 Injection O6 grm. salvarsan | ----- | --.-. 
20.8.12 a — — ——— — 4.3320. [* oe 00. 
9.7.12 Injection 0-6 grm. salvarsan | ----- | --.-- 
, 10.7.12 — — — ————— 0.0.0.0.0. 0.0.0 0.0 
17.7 12 ——— M —— 4.8.0.0 | -..-. 








A “ provocative " reaction occurred seven days after the injection.. 


& 
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Case 110*~Hemiplegia. 


N Ce: ebrospinal 
i | | Berum | fluid 


10.1.12 | ——————— OOO 
Mercurial inunotions ` 
e a MEO OO 


0.0.0.0.0. 


-~ e » æ = 











An example of the-“ provocative " effect of mercury. 


The value of the “provocative” injection for diagnostic purposes is 
probably greater in neurology than in general syphilitic work, because 
in this branch there are more conditions resulting from very trivial 
lesions which may fail to give a Wassermann reaction at first. Further, 
the central nervous system is’ a situation commonly occupied by the 
spirochste while in a latent condition. Thus in neurology this test 
may have a certain value, but at the same time it must not be forgotten 
that it 1s often abortive. 

The phenomenon is probably of a similar nature to the “ Herx- 
heimer reaction " or to ‘‘spirochste fever," that is to say, it is probably 
due to the sudden destruction of a focus of spirochmtes, and thus a 
sudden intoxication of the neighbouring cells by liberated “toxins.” 
This would have the effect not only of producing a quantity of Wasser- 
mann substances locally, but it might also disturb the balance between 
virus and cell, so that the former might be enabled to pass into a greater 
state of activity. 


VARIATIONS IN THE REACTION WITHOUT TREATMENT. 


We have already described the diminution or exacerbation of the 
Wassermann reaction which may occur after anti-syphilitic treatment; ' 
but it is also found that such variations occur without any treatment 
having been applied. The effect of an anti-syphilitic drug is to cure the 
symptoms of the disease by destroying the spirochsete, and thus the 
reaction becomes negative; but the spirochste may be destroyed, and 
the symptoms healed by the natural protective processes without any 
active medical intervention, in exactly the same manner as May occur 
in other infective conditions. 

This is the explanation of the spontaneous healing’ of the secondary 
symptoms and the gradual diminution of the Wassermann reaction 
which may occur in the entire absence of anti-syphilitic treatment. 
The common finding of a negative reaction in stationary tabes is also 
an example; the syphilitic process has died out spontaneously. 
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pe 


We have been able to record this phenomenon in cases in which 
treatment had been omitted on the grounds that the patients were 
‘* parasyphilitic." l 


Gase 142.—Tabes dorsalis. 


.14.12.11 .. serum 4.4.4.1.0, Oells in cs.f. = 21 per o.mm. 
os.f. 4.4.4.0.0, : 
75.18 .. serum 4 4.4.4.2. 


areata cien Cells in es.f. = 6 per ¢.mm. 
eg.f, 4,4.1.0.0., 


Case 86.—Dementia parairia (later classed as cerebrospinal syphilis). 


13.8.19 .. serum 4.4.8.8 0. 
of. 44440. Cells in os.f. = 63 per c.mm. 
16.4.18 .. serum  4.4.4.4.4. 


cs f. 4.4.0.0.0. Cells in os.f. = 19 per o.mm. 


P 


In these two cases the decrease in the reaction in the cerebrospinal 
fluid suggested a certain degree of improvement in the local nervous 
condition, and in one (No. 86) this view was supported by a marked 
amelioration in the clinical state. Variations in the reaction in the 
opposite direction, that is, spontaneous exacerbations, are, of course, 
common and indicate a relapse, and of this many examples might be 
quoted. If the blood-test is performed sufficiently often it will be found 
that the relapse of the Wassermann reaction nearly always precedes a 
clinical relapse by several weeks or months, and thus the occurrence of 
the latter may be prevented by suitable treatment. 

A relapse occurring 1n the central nervous system, however, presents . 
some details of interest; thus in the great majority of cases, its effect is 
apparent in the cerebrospinal fiuid before the serum. This result 
might be expected since the reacting substances are poured directly into 
the cerebrospinal fluid as an exudate and are only detectable in the 
serum, when they have accumulated in sufficient quantity. It is, for 
this reason that the cases exhibiting a “‘nerve relapse" often yield a 
negative reaction in the serum. 

In the following case, No. 128, the patient was examined experi- 
mentally merely because of the occurrence of headaches within two 
years of infection. He was found to have a positive Wassermann 
reaction in the cerebrospinal fluid and a great increase in the cell- 
content, although the serum was negative and no physical signs of 
disease were manifest. In this case the lesion was detected by the 
reaction before the onset of signs and the serum became positive at a 
later date only. The attack aborted as the result of intensive treatment 
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as shown-by the decreasing reaction in the cerebrospinal fimd and the 
reduction of the cell-content to normal. 


Case 193.—Late Secondary Syphilis with Relapsed Meningo-encephalitis. 

























Serum Cerebrospinal fluid 
25-80.11.1911 |Injectionl:‘2grm.) ----- | ----- Superficial ulceration 
salvarsan of tongue fourteen 
. months after in- 
fection. Twelve 
months Hg. 
3.4.1912 dcum. | ehe 
18.11.1912 cn mn 10000. | ses Headaches. 
28.11.1912 jection 0*0 grm. 0.0.0.0.0. 4.4.1.0.0. No nervous symp- 
neo-salvarsan 85 cells perc. mm.| toms. 
4.6.1918 4.4.4.4.2. 4.4.4.4.8. Headaches. Mental 
90 cells pere.mm.| irritability. No 
hysical signs. 
6.6.1918 id 
12.6.1918 
18 6.1918 
23.6.1918 Injection 0 9 grm. 
neo-salvarsan 
26.7.1918 - {Injection 0-9 grm. 
neo-salvarsan : 
31.7.1918 GRISE 4 4.4 8.0. e 
18.8.1918 Pe 4.8 2 0.0. 4.4.4.0.0. 
3 celis per c.mm. 
19.9.1918 poe 4480.0: f ----- 
19.11.1918 AM MEET ELE 0.0.0.0(.0. | ----- 





L 


It will be noticed that the patient escaped observation for six months 
after a single dose of neo-salvarsan. This dose probably alleviated the 
headaches but did not materially hinder the development of the disease. 
On his return he was found to be in & condition worse than before. 
This is the phenomenon often described as a "nerve relapse," and is 
sometimes erroneously ascribed to the salvarsan injection, instead of to 
the progress of the disease after insufficient treatment. 

The following case also illustrates the exacerbation of the reaction in 
the serum ; the cerébrospinal fluid was not tested, and therefore it is not 
known whether this became positive before the symptoms appeared. 
The exacerbation was transient and subsided without treatment. 
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Case 91.—ÜOerebrospinal syphilis. 

















10.7.1912 Injeetion O 6 grm. 
salvarsan ' 
17.7.1919 Injection 0-6 grm. 
salvarsan 
15.1.1918 Injection 0:0 grm. 
neo-salvarsan 











22.1.1918 : 

18.6 1918 — Onset of herpes 
zoster 

25.6.1918 ' 


26.8.1918 


! 
CHAPTER IV.—CONOLUSBIONS. 


BEFORE estimating the value of & report upon & Wassermann test, 
the physician should be acquainted with the methods and general results 
of the serologist who gives the report. 

From the results of the technique described above, the following 
general conclusions may be drawn :— 

(1) In general diagnostic work, exclusive of nervous conditions, a 
positive reaction is so constant in active syphilis that such a diagnosis, 
made in the face of a negative result, will require very special support 
on other grounds before it can be considered probable. 

(2) A positive reaction in the cerebrospinal fluid indicates a syphilitic 
lesion of the central nervous system. 

(83). In active untreated cases of dementia paralytica, tabes dorsalis, 
and cerebrospinal syphilis, the reaction is positive both in the serum 
and cerebrospinal fluid. In cerebral syphilis, without involvement of the 
spinal cord, the cerebrospinal fluid is usually negative. Except in the 
latter cases the strength of the reaction has no certain diagnostic value. 

(4) The reaction is apt to be negative in the serum or cerebrospinal 
fluid in cases of hemiplegia, non-progressive tabes dorsalis, and old 
lesions of the nervous system, especially in cases of stationary congenital 
syphilis. It is also usually negative in the serum particularly in very 
recent nerve lesions of the late secondary period, and in the cerebro- 
spinal fluid particularly in treated cerebrospinal cases. 

(5) The occurrence of & positivé reaction in one of the test-fluids 
when the other is negative is so common that a reaction found negative 
in one fluid only is insufficient to exclude syphilis. | 

(6) Pure “ parasyphilitic " lesions do ‘not respond satisfactorily to 
treatment as shown by the slight effect upon the reaction in the cerebro- 
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spinal fluid. Cerebrospinal lesions react very readily to treatment. 
The celerity with which the reaction in the cerebrospinal fluid responds 
to treatment is an index of the “ parasyphilitic’ or “syphilitic ” nature 
of the case. i ; 

(7) The positive reaction in the serum is rapidly made negative by | 
treatment in acute syphilis; but in chronic syphilis this effect is pro- 
duced very slowly. In the cerebrospinal fluid, on the other hand, the 
rate of reduction of the reaction does not depend upon the duration of 
the infection. Thus, in gummatous lesions of the central nervous system, 
as also in acute secondary cerebrospinal syphilis, the effect of treatment 
upon the reaction in the cerebrospinal fluid is rapid. 

(8) The “provocative” injection of salvarsan for the purpose of 
exciting an exacerbation of the reaction has some, but probably an 
exaggerated, diagnostic value. 


* 
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ON THE BULBAR NUCLEI, WITH SPECIAL REFERENCE 
TO THE EXISTENCE OF A SALIVARY CENTRE IN MAN. 


BY ANTHONY FEILING, M.B., M.R.O.P. 
(From ihe Neurological Institute, Frankfurt-am-Main.) 


ANATOMICAL observations in man and experimental investigations in 
the lower animals have provided us with an extensive knowledge of the 
position and relations of the nuclei ‘of the cranial nerves in the medulla 
oblongata. The following paper, based upon a case which afforded 
unusual facilities for such an investigation, cannot claim to do more 
than confirm our previous knowledge of these nuclei; an attempt, 
however, will be made to go further, and establish the Seon of a 
salivary centre in the medulla oblongata. 

Experimental researches of Kohnstamm and Yagita [2, 3, 5, 6] have 
demonstrated the presence of a salivary centre in the medulla in dogs. 
These results were obtained by division of the chorda tympani and the 
nerves to the submaxillary and parotid glands. It is seldom that oppor- 
tunity is afforded in man of studying the effects of lesions which in their 
nature and result approximate to those of experimental nerve division 
-in the lower animals. But in July, 1918, a brain and spinal cord were 
received at the Neurological Institute, Frankfurt-am-Main, from a 
patient where the isolated character of the lesions reproduced experi- 
mental conditions with unusual accuracy. A fracture of the base of 
the skull inflicted local injury upon the trunks of the vagus, glosso- 
pharyngeal, spinal accessory, and hypoglossal nerves, without any lesion 
in the brain itself. Examination revealed degenerated cells in the 
nuclei of the injured nerves, thus affording an opportunity of localising 
the anatomical position of these nuclei in man; but degenerated cells 
were found also in an unusual situation, the significance of which was 
at first uncertain. As further discussion will show, I venture to believe 
that these represent a system of cells analogous to those described in 
dogs as the nucleus salivatorious. For the following clinical notes of 
the case I am indebted to Dr. Rollmann, of Essen. 

The patient, a miner, received a severe injury in the upper part of 
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the neck on April 18, 1913. When a careful examination was made a 
few days later, the following conditions were observed :— 

(1) Paralysis of the left side of the tongue. | 

(2) Paralysis of the left sterno-mastoid and upper part of the left 
trapezius. 

(3) Loss of taste in the whole of the back of the tongue, more 
marked, however, on the left side. 

(4) Paralysis of the left side of the hore No anesthesia of the 
palate could be detected. 

(5) Aphonic speech. 

By laryngoscopic | examination the left vocal cord was seen to be 
immobile. 

(6) Loss of power of swallowing, even for liquids. 

In addition to the above symptoms a slight left facial paralysis was 
observed on the first day after the accident, but this rapidly disappeared. 
It is also stated that immediately after the accident some question 
arose as to whether the phrenic nerve was injured or not, but on the 
following day no paralysis-of the diaphragm could be detected. At no 
time was there any paralysis of the extremities, nor with the exception 
of the paralysis of the left sterno-mastoid and trapezius muscles was 
there any limitation of the movements of the neck. 

In spite of careful X-ray examination no definite evidence of any 
fracture was discovered. The fluid obtained by lumbar puncture con- 
tained a little blood. A diagnosis of injury to the peripheral roots of 
the ninth, tenth, eleventh, and twelfth cranial nerves was made. Later 
observations confirmed those already made; the paralysis of swallowing 
remained absolute, marked atrophy of the left side of the tongue, and of 
the left sterno-mastoid and the upper part of the left trapezius fol- 
lowed, the sense of taste was preserved in the right anterior, third of the 
tongue only. | 

The patient developed bronchitis and broncho-pneumonia, and died 
on June 28, seventy-one days after the accident. 

- At the autopsy a fracture of the posterior fossa of the skull was 
found, involving the jugular foramen. -The injured part of the skull 
was sent for examination together with the brain and spinal cord. 
An examination of the region of the fracture discloses the following 
points :— | l 

On the left side the bony ring surrounding the foramen magnum has 
been fractured in its,middle part, in such a way that the circumference 
of the foramen has been rendered quite irregular. In the situation of 


ON THE BULBAR NUCLEI 257 


the fracture le splinters of bone and yellowish red masses of granula- 
tion tissue; it is evident that much callus has been thrown out. The 
anterior condyloid foramen, through which passes the hypoglossal nerve, 
lies below and in front of the fracture. The fracture has in its lateral 
part affected the jugular foramen, so that the nerves passing through it 
are directly involved in the fracture. The brain and spinal cord had 
been previously hardened in formalin. When examined later the brain 
appeared normal in general appearance and configuration; no men- 
ingitis was present, no naked eye haemorrhages were visible. The 
vessels appeared natural. On the left tonsillar lobe of the cerebellum 
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Sketch to show position of fracture. 


was a small area, about 2 c.cm. long by 1 c.cm. broad, where some 
destruction of tissue had taken place; this was evidently a result of 
direct pressure from callus or broken spicules of bone. The portions of 
the cranial nerves remaining attached to the brain showed no visible 
change. Sections through the brain showed no naked eye lesions. 

The cervical part of the spinal cord, the medulla, and the pons were 
taken, sections cut and stained by Nissl’s method, in order to discover 
the presence of any degenerated cells in the nuclei of the injured nerves. 
Sections were also stained for the presence of fatty change with Scharlach 
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red and hematoxylin. The material had remained in formalin too long 
to enable Marchi’s method to be used with advantage. - 

Nissl’s method, however, yielded interesting results; evident degenera- 
tive changes in the cells could be traced, and in this way the anatomical 
position of the nuclei concerned could be determined. A glance at the 
appended diagrams will indicate at once the anatomical position of the 
degenerated cells. It must be understood that the way in which the 
‚cells are depicted, viz., A for a normal cell and MA for a degenerated 
cell, is purely a convention and beats no relation to the actual size or 
shape of the cells concerned. This method has only been adopted to 





Fig. 1.— N.a., nucleus sccessorius. 


make the position of the nuclei concerned easily seen; with the same 
object the diagrams are made as simple as possible. 

There is nothing peculiar to record as far as the degeneration itself 
is concerned. As a rule the number of cells in the affected nucleus 
seemed reduced; the cells themselves showed the following changes: 
loss of a clear cell outline; displacement of the nucleus to the periphery 
of the cell; loss of the typical Nissl granules, with a more diffuse blue 
coloration of the whole cell substance, and finally, the appearance of 
numerous parasite glia-cells in and around the degenerated cells. 

In the upper part of the cervical cord (see fig. 1) a group of 
degenerated cells was found lying in the veniro-lateral part of the grey 
matter of the left side; these cells were quite distinct from the cells in 


\ 


ON THE BULBAR NUCLEI . 959 


the ventral horn, which, on the contrary, were well preserved on both 
sides. They were considered to be cells of origin for the spinal part 
of the spinal accessory nerve, the degeneration being due to the injury 
inflicted on the trunk of the nerve in the jugular foramen. 

Fig. 2 depicts the appearances observed in a section through the 
lower part of the medulla, at the level of the decussation of the 
pyramids. At this level degenerated cells are observed in three groups 
of cells. One was situated in the grey matter of the left side, dorso- 
lateral to the central canal, between the central canal and the nucleus 





Fig. 9.—N.g , nucleus gracihs; N.c., nucleus cuneatus ; N.d.v., dorsal nucleus of vagus; 
S.g.R., substantia gelatinosa Rolandi; N.am., nucleus ambiguus; N.sp,, nucleus supra. 
inalis. 


sp 


cuneatus; only a portion of the cells of this nucleus were degenerated. 
These cells were regarded as belonging to the dorsal nucleus of the 
vagus. In the lateral nucleus, the grey matter ventral and internal to 
the substantia gelatinosa Rolandi, a situation corresponding to the 
ventro-lateral region of the grey matter of the cord, a second group of 
degenerated cells were visible. These cells are in all probability those 
of the lower part of the nucleus ambiguus, the ventral motor nucleus 
cof the vagus group of nerves. Internal to these cells was a third and 
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smaller group of cells, showing similar evidence of degeneration; this 
group is probably identical with that described as the “nucleus supra- ` 
spinalis " (Jacobsohn [1]), which is stated to lie in proximity to the 
nucleus of the spinal accessory nerve below, while higher up ib comes 
into relation with the nucleus of the hypoglossal. As the nucleus of 
the hypoglossal is not visible in the sections under discussion, it seems 
reasonable to conclude that these cells have given Ben to fibres which 
join the roots of the spinal accessory nerve. 





Fie. 8.—N.g., u ji dne N.c., nucleus cuneatus; N.d.v., dorsal nucleus of vagus; 
ypoglossal nucleus ; . N.a., nucleus ambiguus. 


Fig. 3 represents a section through the medulla oblongata at a 
higher level, where the inferior olives have just become developed. 
Here again degenerated cells are visible in three groups of cells. In 
the grey matter round the central canal, and lying dorso-laterally to it, 
degeneration is again visible in the dorsal nucleus of the vagus. The 
nucleus of the hypoglossal now comes into ‘view, lying in the 
grey matter ventro-lateral to the central canal; many of its cells are 
degenerated. At this level degeneration again appears in the nucleus, 
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ambiguus, which lies in the prey matter ventrally and laterally to the . 
central canal and the JRYDOBIOBRE nucleus, and just dorsal to the 
inferior olive. 

It will therefore be seen that sections through the lower and middle 
part of the medulla exhibited & fairly constant picture of localized cell 
degeneration. . 

Fig. 4 depicts a section through the upper part’ of the ne 
cutting through the restiform body at the level of the entrance of the 
cochlear-nerve. . Degenerated cells can be seen in the same groups of — 
cells. Owing to, the central canal having opened out ınto the fourth 
ventricle, the hypoglossal nucleus is placed more dorsally in the grey 
matter in the floor of the fourth ventricle; here degenerated cells are 
found in the ventral part of the nucleus only. Lying more laterally and 
dorsally is the dorsal nucleus of the vagus, of which some cells are 
degenerated. Just external to this again is the solitary bundle, which 
in sections stained with Scharlach red shows most striking fatty change. 
Except for-a few scattered points fatty changes were not found‘ else- 
where. The nucleus ambiguus is still visible, and contains degenerated | 
cells. 

Fig. 5 is a section at the uppermost part of the medulla. At’ this 
level the nucleus of the hypoglossal, the dorsal nucleus of the vagus, 
and the nucleus ambiguus have disappeared, but some scattered 
degenerated cells are visible on both'sides. They lie in the grey matter 
just dorsal to the inferior olive, internal and slightly ventral to the 
facial nucleus. ‘Fig. 6 shows a more detailed view of these cells. The’ 
exact significance of this degeneration would be a little uncertain if the 
experimental researches of Kohnstamm and Wolfstein [4] and Yagita 
and Hayama [6] had not thrown some light on the question. Kohn- 
stamm [2,3] has described in dogs a system of large cells which showed 
Nissl degeneration after cutting the lingual nerve and nerve to the 
submaxillary gland; this system of cells, which he calls the “nucleus 
salivatorius superior," lies at the junction of the medulla with the pons, 
just dorsally to the facial nucleus. The cells extended from the caudal ' 
end of the facial nucleus to the frontal end of the trigeminal nucleus; 
some of the cells were scattered over a wide area, reaching the raphe 
mesially, Deiters’ nucleus laterally, and the floor of the fourth ventricle 
dorsally. After a unilateral lesion degenerated cells were found on both 
sides. ` It has further been observed that affection of the parotid 
secretion follows cutting of the glosso-pharyngeal. nerve, and Kohn- 
stamm described a caudal prolongation of the nucleus salivatorius, 
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fibres from which pass out with the glosso-pharyngeal nerve; the cells 

' of origin of these fibres lay in the ventral part of the medulla between 
the inferior olive and the nucleus ambiguus, beginning above at the 

caudal end of the facial nucleus. To this latter group of cells Kohn- 
stamm gave the name “nucleus salivatorius inferior,’ and considered 
that the two together form a centre for the innervation of the salivary 
glands. By’ Marchi’s method he was able to trace fibres from the 
nucleus as far as the submaxillary ganglion. 


Nyormationis reticularis 


v- Degenerated cells 





Fra. 5. 


Yagita and Hayama [6] cut the tympanic branch of the glosso- 
pharyngeal nerve in dogs and found degeneration in the situation of 
Kohnstamm’s inferior nucleus. Scattered degenerated cells were also 
found in the grey matter of the formatio reticularis of this region, in 

. a situation slightly more ventral and mesial than the nucleus already 
described. ' 

Yagita [5] considered that the secretory centre of the parotid is 
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a direct caudal prolongation of the nucleus salvatorius lying in the 
formatio reticularis at. the level of the most. caudal part of the facial 
nucleus. The position of the degenerated cells found in my sections 
corresponds to the scattered degeneration described by Kohnstamm 
and Yagita. In my sections they are seen to extend from about ‘the 
level of the entry of the cochlear nerve below to the termination of 
the inferior olive above; they are not, however, present in every section, 
and cannot be said to constitute a definite nucleus. In view of the 
experimental observations quoted, I would suggest. that these cells 





represent cells of origin for the secretory fibres which pass out with 
the glosso-pharyngeal nerve, and which subsequently, by means of its 
tympanic branch, become distributed to the parotid gland. Unfor- 
tunately no clinical evidence was forthcoming as to the presence of 
any disturbance of salivary secretion ; owing to the paralysis of swallow- 
ing, the saliva simply dribbled from*the mouth,‘and the explanation of 
the degenerated cells found is based upon the similar appearances found 
in dogs. Further observations may perhaps confirm the existence of 
a salivary centre in the human medulla. 

The anatomical changes found may be summarized as liess: — 

(1) Degeneration in the cells of origin of the spinal accessory nerve 
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in the ventro-lateral part of the grey matter of the upper cervical region 
of the spinal cord. 

(2) Degeneration throughout the whole eat of the nucleus 
ambiguus. 

.(3) Partial degeneration of the dorsal nucleus of the vagus. 

(4) Partial degeneration of the hypoglossal nucleus. 

(B) Marked fatty change in the solitary bundle. 

(6) Scattered degenerated cells in the grey matter of the upper part 
of the medulla, just dorsal to the inferior olive. 

It was somewhat surprising to find such a small amount of fatty 
change present, it being practically confined to the solitary bundle. 
The long time elapsing between the injury and the death of the 
patient (over two months) is no doubt in part a reason for the limited 
amount of fatty change present. Since the dorsal nucleus of the 
vagus, which is largely a sensory nucleus, showed only partial degenera- 
tion, we may surmise that perhaps the injury to the nerve took place 
on the distal side of the ganglion, the degenerated cells representing 
the motor part of this nucleus. In this case tHe fatty change in the 
solitary bundle would represent degenerated fibres from the glosso- 
pharyngeal nerve. It was, however, impossible to say at exactly what 
point in their course through the jugular foramen the nerves were 
injured. 

From the fact, too, that the hypoglossal nucleus showed only partial 
degeneration, we may assume that the injury to the nerve was not 
complete, a hypothesis-which is borne out by an examination of the 
skull, for, as will be seen from a reference to the sketch, the fracture 
did not directly involve the anterior condyloid foramen. 

In conclusion, I would like to express my gratitude to Professor 
Edinger, who not only placed the material at my disposal for examina- 
tion, but also afforded me invaluable assistance in the interpretation of 
the anatomical changes found. 
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PUBLICATIONS RECENTLY REOEIVED. 


[Notes on a book under this heading do not preclude a 
subsequent review. | 


Behandlung der angeborenen und erworbenen Gehirnkrankheiten mit 
Hilfe des Balkenstiches. Von Professor G. ANTON und Proféssor 
F. G. von BRAMANN. $. 188, mit 44 Abbildungen und 10 Tafeln. 
Berlin: Karger, 1918. l 


The authors recount five years’ experience of the operation of "Balkenstich," 
on & large number of cases. As the free communication between the ventricles 
and the subdural spaces of the brain and cord, which is necessary for the 
proper circulation and nutrition of the brain, is often blocked, they have 
attempted to make an artificial communication through the corpus callosum. 
Through a small opening 14 to 2 om. behind the coronal suture and thé same 
distance from the middle line, a blunt round-ended cannula with lateral open- 
ings is introduced between the hemispheres and passed along the falx cerebri, 
through the corpus callosum into the anterior horn of the lateral ventricle. 
When the ventricle has been drained to the extent required, the opening into 
it is enlarged, and then, according to the authors, generally remains patent. 

The effects of this operation in a large number of cases of hydrocephalus, 
cerebral tumours, hypophyseal tumours, epilepsy, &c., are fully described. No 
death or serious accident could be attributed to the operation in any of the 
fifty-three cases on which the authors performed it, and in all in whom the 
intracranial tension was increased, corsiderable relief was obtained. 


Contribution à 0 Etude anatomo-clinique des Monoplegies d'Origine 
corticale. Par le Dr. M. REGNABD. Pp. 216, with 12 plates. 
Paris: Vigot Frères, 1918. 


This monograph is based on the examination of ten cases, supplemented 
by a diligent compilation of similar cases published by others; but unhappily 
these observations were not always abstracted from the original descriptions. 

The methods of examination employed, especially in the investigation of 
sensation, appear to have been relatively complete, but the conclusions add 
little to our knowledge. The author concludes that the motor centres lie 
entirely in the precentral and paracentral convolutions, and the individual 
centres are segmentally arranged within them. The sensory zone occupies 
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the precentral gyrus, but also extends behind the fissure of Rolando and over 
part of the parietal lobe. This sensory zone is divided, as is the motor area, into 
centres corresponding to the different segments of the body, each of which lies 
at the same horizontal level as, and contiguous to, the corresponding motor 
centre. 


Map-Scheme of the Sensory Distribution of the Fifth Nerve (Tri- 
geminus) with rts Ganglia and Connexions. By L. HEMINGTON 
PEGLER. London: Balliére, Tindall and Cox, 1913. 


This is a most successful attempt to represent in a comprehensive though 
simple manner the relations and distribution of the various branches of the 
trigeminal nerve, and their connexions and anastomoses with other cranial 
nerves, and especially with the cervical sympathetic fibres. 

In many instances simplified or modern titles have replaced older morpho- 
logical terms, but the main object of the map is to illustrate the functional 
relationships of the various branches of the nerve, which must be considered 
in dealing with the etiology of the neuralgias, headaches and referred pains 
which so frequently result from irritation of its fibres. It is with this end in 
view too that insets are attached to the map, the one showing the central 
(bulbo-pontine) relations of trigeminal fibres to other afferent centres, and 
consequently the possible distribution of pain referred from them; the other, 
the relation of the peripheral distribution of the fibres of the three trigeminal 
divisions to that of the cervical roots. 

The functional significance of the ganglia and fibres that make up the 
peripheral branches of the trigeminal nerve are indicated concisely but clearly 
‚on the map, and are dealt with more fully in the analytical tables of the 
anatomy and physiology of the nerve, and of its ganglia and connexions that 
are supplied with it. 

The map, which measures 49 by 59 in., has evidently been designed with 
extraordinary care and accuracy, and incorporates the latest and most trust- 
worthy knowledge on its subject. It will be found extremely valuable to 
‘anatomists in teaching the complicated relations of this nerve, and especially 
to clinicians in elucidating and studying the seat and extent of the referred 
headaches and pains so commonly due to affection of its fibres in the skull, 
‘face, mouth, nose or ears. 


Arbeiten aus dem Pathologwschen Institut der Universität Helsingfors, 
herausgegeben von Professor E. A. HoMÉN. Neue Folge, 
 lter Band, ites und 2tes Heft. Jena: Fischer, 1913. 


These parts of the first volume of a new series edited by Homén contain 
a number of valuable papers, chiefly on the pathology and pathological anatomy 
of the nervous system. : 

Homén himself contributes an elaborate paper on the origin und develop- 
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ment of cerebral abscesses, and`the nature of the cells that are found in and 
around them; Wallgren writes on the finer histological changes in poliomyelitis 
and insists on its inflammatory nature and the important part the glia-cells 
play in it; Fabritius has an interesting clinical and pathological paper on acute 
myelitis and spontaneous hsmatomyelia, and also describes the histological 
features of a case of sclerotic atrophy of one hemisphere of the brain; and 
` Silfvast deals with the clinical and pathological characters of tumours at 
the base of the brain in the region of the hypophysis, 


Handbuch der Nervenkrankheiten im Kindesalter. Von Professor 
L. Bruns, Professor A. CRAMER, Professor Te. ZIHEN. $S. 980, 
mit 189 Abbildungen im Text und 3 Tafeln. Berlin: Karger, 1912. 


The three authorities on nervous disease have described in this work 
all those affections of the nervous system which can occur in children. 
The sections vary greatly in completeness, some form short, admirably written 
monographs, others follow more the style of a text-book. This handbook will 
be of value to all who are interested in the diseases of childhood. It is profusely 
illustrated. l 


Leitfaden der Elektrodiagnostik und Elektrotherapie für Praktiker 
und Studierende. Von Dr. Tosy Coun. Vierte vollständig 
umgearbeitete und vermehrte Auflage. S. 212, mit 6 Tafeln 
und 65 Abbildungen. Berlin: Karger, 1912. 


This excellent little handbook hes’ passed into a fourth edition, but though 
there are many additions, ib retains its previous form. It forms a complete 
guide to the use of electricity in diagnosis and treatment. 


Freud's Theories of the Neuroses. By Dr. EDUARD HITSCHMANN 
(Vienna). Translated by Dr. C. R. PAYNE. Nervous and Mental 
Disease Monograph Series, No. 17. Pp. 154. New York: 
Journal of Nervous and Mental Diseases Publishing Company, 
1918. 


In this book the author gives a systematic exposition of the views of 
Professor Freud, who has revised the work throughout. Each chapter is 
devoted to one aspect of his psychology, especially in relation to functional 
nervous disorders. In many cases direct quotations are made. from Freud’s 
writing, but the whole gains a coherence which is of necessity absent from the 
originals. The translation is remarkably good, especially in view of the extreme 
difficulty of the German, and the complexity of the new terms introduced by 
Freud. 
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Ueber Nervöse Entartung. Von Professor Dr. Oswanp BuMmkE. S. 120. 
Berlin: Springer, 1912. 


Kraepelin defines degeneration as the appearance of inherited qualities, 
which make it either difficult or impossible for the creature to attain the 
general aims of life. In mental medicine degeneration signifies a steadily 
increasing deterioration of the state of nervous health. These complicated 
questions are dealf with in this work from consideration of our present day 
knowledge, without special research or investigation of records, and the author 
concludes that Germany at any rate is not decadent. The general prevalence 
of functional nervous disorders is simply the result of the social ‘conditions. 


Acute Poliomyelitis. By Dr. Ivan Wickman (Stockholm), translated 
by Dr. J. W. J. A. M. ManoNzy. Pp. 185. New York: Journal 
of Nervous and Mental Diseases Publishing Company, 1913. 


This 1s an excellent translation of Wiekman’s work noticed in BRAIN, 
vol. xxxv, p. 191 It is far the best summary account we possess of our 
knowledge of this disease The plates are admirably reproduced 


Die Gesche Gottfried, eine Kriminalpsychologische Studie. Von Dr. L. 
ScHonz. $S. 160, mit 6 Abbildungen. Berlin: Karger, 1913. 


The heroine of this extraordinary story was born in 1785 in Bremen, and 
was executed in 1831, after having poisoned innumerable persons with arsenic. 
Among her victims were her parents, both her husbands, her children, her 
devoted servant and several of her most intimate friends. On one occasion 
she started for a visit provided with rat-paste. She was universally beloved, 
especially on account of the wonderful devotion she showed in nursing her 
victims. Her ambition was in every case to lill extremely slowly in order 
that she might have the pleasure of attending the sick. Documents and 
portraits are given, and this pamphlet should be in the hands of all who are 
interested in this remarkable group of criminals. 


Dreams and Myths. By Dr. KARL ABRAHAM (Berlin). Translated by 
WILLUM A. Warte, M.D. Nervous and Mental Disease Mono- 
graph Series, No. 15. Pp. 74. New York: Journal of Nervous 
and Mental Diseases Publishing Company, 1913. 


Freud in a remarkable study analysed the (Edipus story in the light of his 
psychological views. This book 1s an attempt to carry such analysis further 
to explain the Prometheus myth and the stories of Moses, Samson, and other 
folk-heroes. The time is, however, scarcely ripe for so wide an extension into 
so uncertain a branch of anthropological knowledge. The translation is well 
earried out. 


Writers of “Original Articles and Clinical Cases" are supplied free of charge 
with 60 copies reprinted in the form in which the paper stands in the pages of 
"Brain." If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of the writers, 
from Messrs. BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street, 
London, W. i 

Members of the Neurological Section of the Royal Society of Medicine can 
obtain the Index of Brain” for the Volumes I. to XXII inclusive, that is, from 
its commencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
St. Martin's Street, London, W.C., at the price of 8s. Gd., post free. 

To those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. 6d. net, and the volume may be obtained 


through any bookseller. 
EDITOR. 
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LYMPHOGENOUS INFECTION OF THE CENTRAL NERVOUS 
SYSTEM. 


BY DAVID ORB, M.D. 
County Asylum, Prestwich 
AND 


R. G. ROWS, M.D. 
County Asylum, Lancaster. 


THE obscurity which surrounds the genesis of almost all inflamma- 
tory lesions in the central nervous system, and of those which are 
degenerative except where a focal lesion exists, will be admitted. The 
questions of the causation of the lesion, the point of origin of the 
morbid change and its propagation, are constantly recurring in 
regard to, cases of meningitis, myelitis, tabes dorsalis, dementia para- 
lytica, and the non-systemic scleroses, and the theories advanced have 
often been based on assumptions devoid of proof which have tended 
rather to divert the investigator from, than to lead him on to, the right 
path. Nor should one be astonished that this is so, for the intricate 
anatomy of the nervous system, its complexity of function, and its 
. comparative inaccessibility to experimental methods, have taxed the 
ingenuity of the investigator to the utmost. Hence the theories regard- 
ing the genesis of many morbid phenomena have been based upon 
deductions built up on the examination of tissue in which the chronicity 
of the changes obscured the original starting-point of the retrograde or 
inflammatory process. This applies particularly to subacute and chronic 
lesions, systemic and non-systemic, affecting the columns of the spinal 
cord. 

For years it has been apparent that continued examination of these 
chronic lesions while increasing our knowledge in detail yet failed to 
widen it in regard to etiology, and though toxic influence naturally 
received due recognition, its source and mechanism of action remained 
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unexplained. It seemed obvious, therefore, that investigation ought to 
be directed towards elucidating the mechanism of production of those 
lesions and the first step naturally involved a study of all possible paths 
of infection and intoxication. It is with one of these, infection via the 
lymphatic system of peripheral nerves, that this paper mainly deals; 
and in it we propose to give a synopsis of our observations in clinical 
cases and experiment. Much of the detail on which our conclusions 
have been founded must necessarily. be omitted; that will be found 
in the appended list of publications. 

In all probability the controversy —Ü( the genesis of the 
lesion in tabes dorsalis and the recognition of dementia paralytica as 
an inflammatory disease were most important factors in directing 
attention to the lymphatic system of the cerebrospinal axis; and an 
important step. forwards "was taken with the demonstration of a 
continuity of the lymph-stream in peripheral nerves with that of the 
spinal cord. The injection into nerves of organisms and coloured 
substances showed that the lymph-stream was an ascending one towards 
the cord and that the main current lay at the periphery of the nerve- 
bundles immediately under the fibrous sheath. It must be borne in 
mind, however, that this statement regarding the main current of 
lymph in nerves was based on experiments in which organisms have 
been injected into the nerve substance. Where infection occurs from 
without it will be shown that diffusion of organisms and toxins can 
‘take place along the outer surface of nerves and give rise to an 
ascending epi- and perineuritis. ' 

Infection along peripheral nerves had been deduced for many years 
in regard to tetanus and rabies, and the recognition of a wider applica- 
tion of this principle suggested a new line of research along which an. 
explanation of certain other pathological phenomena might be sought. . 
Valid proof of the principle will be found in the following short résumé 
of the literature. 

Marie and Morax [18] cut the nerve to the fore limb of an animal, 
and later injected a lethal dose of tetanus toxin into its paw with a 
negative result. Homén and Laitinen [18] injecting streptococci into 
the sciatic nerve, traced them upwards into the meninges of the cord ; 
while Pirrone [34], employing the pneumococcus, found changes in the 
cord limited to the side corresponding to the infected. nerve. In 
addition to organisms, chemical and inert substances yielded equally 
instructive results. Guillain [12] injected ferric chloride into the 
sciatic nerve, and subsequently introducing potassium ferrocyanide into 
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_ the general circulation found Prussian blue in the posterior roots; he 
. also found that coloured fluids diffused from the pial lymph spaces of the 
posterior part of the cord into .those of the posterior columns. ' Marie 
and Guillain [19] concluded from their work that there is a common 
lymph system for the posterior roots, the posterior columns and the 
pia covering them, and that the lymph flows freely in the intervals 
between the fibres and other structures. They state that tabes is a 
lesion of this system, most probably of syphilitic origin. Sicard and 
Bauer [39] injected china ink into nerves and found that the granules 
ascended along them to the cord; and according to D’Abundo [2] and 
Guillain [12] the lymph in the posterior columns pursues an ascending 
course and simultaneously passes forwards towards the central canal. 
In these experiments therefore we are afforded ample evidence of the 
possibility of lymphogenous infection of the central nervous system. 

Homén’s [18] investigations are particularly convincing.  T'wenty- 
four hours after the injection of bacteria into the sciatic nerve, they 
accumulate in the lymphatic space situated on the internal surface of 
the perineurium and can be traced along the internal surface of the 
capsule of the spinal ganglion, along the inner surface of the perineurium 
of the spinal roots, especially the posterior, and into the cord meninges, 
from which they spread into the peripheral zone of the cord and 
especially along the postero-median septum. "The bacterial invasion is 
accompanied by inflammatory reaction, which on experimenting with 
. pure toxin is of less degree and inconstant. 

Spitzer’s [40] experiments, too, are extremely interesting. He 
injected an infusion of Jequirity (Abrus precatorius) into the dental 
pulp of a dog and killed it after some days. Microscopic examination 
revealed an ascending inflammatory neuritis spreading up to and 
implicating the Gasserian ganglion. Zalla [44], in whose monograph 
there is an excellent review of the observations on ascending neuritis, 
has employed the same methods of experiment as Spitzer [40] and 
Homén [18]. He has not confirmed the former’s work but 
acknowledges the great importance of Homén and Laitinen's [13] 
researches. Zalla [44], employing the Bacillus pyocyaneus, demon- 
strated acute inflammatory phenomena, spreading up the sciatic nerve 
through the spinal ganglia and spinal roots, especially the posterior, 
into the cord and meninges. After careful criticism he agrees that 
Homén's [18] conclusions are correct and admits the possibility of 
the diffusion of an inflammatory process along peripheral nerves to 
the central nervous system by experiment. While admitting this 
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experimental diffusion he is careful at the same time fo point out that 
it differs greatly, in its course, from the true ascending neuritis found in ` 
the human subject. This point, however, need not be considered at the 
present moment; it is of minor importance as compared with the fact 
that organisms and toxins can reach the central'nervous system by 
diffusion along the lymph path of peripheral nerves. 


EVIDENOE OF INFECTION OF THE CENTRAL NERVOUS SYSTEM BY TOXIC 
DIFFUSION ALONG THE PERINEURAL LYMPH SYSTEM IN CLINICAL 
CASES (LYMPHOGENOUS INFECTION). 


In 1908 we had the opportunity of examining the nerve tissues in 
a case of left brachial neuritis of twelve days’ duration. The exciting 
agent in this instance was the Staphylococcus pyogenes aureus.. We 
found the brachial plexus bathed in pus which had burrowed among 
the cervical muscles as well and surrounded the root ganglia of the 
cervical cord. The microscopic examination of the tissues proved of 
great interest. The loose areolar tissue round the spinal root ganglia 
of the left side was greatly inflamed, the veins were thrombosed and 
contained many cocci. Those not thrombosed were greatly congested ; 
the arterioles, on the other hand, showed no morbid change. In the 
ganglion capsule there were hemorrhages and cocci, more evident in 
the outer layers, and amongst the nerve-cells dilated venules and 
‘capillaries containing micro-organisms.- Similar changes affected the 
perineurium of the brachial plexus, but to a less degree. No cocci 
were found in the dura of the cervical cord or loose areolar tissue 
covering it. One small group only was observed in the pia-arachnoid 
covering the posterior columns. There were no inflammatory phenomena 
in either membrane. The 6th and 8th cervical root ganglia of the 
right side were examined. There were no thrombi in the capsular 
areolar tissue, but scattered hemorrhages in which were a few cocci. 
No cocci, were found in the ganglion substance. 

The extramedullary portion of the anterior and posterior cervical 
roots was examined for degeneration by Marchi’s method and none 
was found. In the spinal cord, however, the same method demon- 
strated an acute degeneration: whose distribution was confined to 
the cervical region. The seventh, sixth, and fifth segments showed 
much the greatest degree of degeneration. There was marked. 
degeneration of the intramedullary portion of the left posterior root, 
which, commencing at the point where the fibres lose their neurilemma - 
sheath, affected the middle area of the root entry zone. On the right 
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side the degeneration affected the same area, but was less marked. 
` There were degenerated fibres on each side of the postero-median 
septum. In the lateral columns of the cord on either side of the 
septa derived from the pia-arachnoid there was a considerable degree 
of myelin degeneration; and here and there in the posterior and lateral 
. regions there were degenerated myelin droplets at the cord margin. 
A considerable degree of degeneration was observed in connection, with 
the intramedullary portion of the anterior roots in their whole course 
from the cord periphery to the grey matter. There was degeneration 
of the collaterals running from the left root entry zone to the anterior 
cornual cells, and also of the anterior commissure. All the vessels of 
the cord and meninges were greatly congested. 

Special attention should be directed to one point in this case, and 
that is the presence of & gross degenerative lesion in the spinal cord of 
purely toxic origin. The toxins must have passed slong the perineural 
lymphatics from the infective area round the spinal ganglia and 
brachial plexus; once having gained the cord they flowed with the 
lymph into the anterior and posterior root entry zones, and also round 
the cord in the meshes of the pia. When we come later to study the 
inflammatory lesions induced by infecting the lymphatic system of 
nerves it will be seen that precisely the same situations are involved. 

Further evidence will now be brought forward in the following series 
of cases in support of the view that lesions of the spinal cord can result 
from the diffusion of toxins upwards along nerves from peripheral foci 
of infection. The description of the cases is condensed in order to save 
useless repetition. 


Case 1.—Bedsores: gluteal region, 
more severe on left side; suppuration 
‘of right elbow. 


Degeneration of the posterior 
columns and of the anterior radicular 
fibres in the lumbo-sacral region 
from $S1—L8, more intense on the 
left side and in L4. From D12— 
D2 there was nothing worthy of note. 
Degeneration again commenced at D1 
in the root entry zone of the right 
side; the lesion was most marked in 
07 and O6, and gradually diminished 
in the next few segments. 


. Case 2.—Bedsorés on buttocks and 
sacrum: of ‘longer duration on the 
right side. 


Lesion most intense on the right 
side. Slight degeneration of posterior 
columns in S1; maximum in L4 and 
8: diminished gradually in the seg- 
ments above this level. 
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Case 8.—Pelvic cellulitis, renal Very slight degeneration of the 
abscesses, double empyema of longer ° posterior columns in the sacral 
duration on the left side, abscesses in region. Much Marchi reaction among 
the cervical muscles. the anterior radicular fibres of S4— 

: 3—32, especially on the left side. No 
changes in the lumbar cord. De- 
generation in the root entry zones of 
D11—10—9 ; again a separate lesion 

' beginning in the root entry zone of 
D5, more marked on the left side, 
‘and occurring in every segment as 
high as O4. In the cervical region 
the degeneration was greatest in OT 
and 6. 

Case 4.—Oaries of the 4th and 5th In 82 a slight lesion of the pos- 
lumbar vertebr® ; psoas abscess on terior columns, which increased in 
‘the right side, which became septic S1, and was most intense is L4 


two months before death. and 5. Above this level it gradually 
diminished. The lesion was muoh 

more marked on the right side. 
Case 5.—Ühronic suppuration of Degeneration of the posterior 
right knee-joint. columns from §1 to the lower dorsal 


region, most marked on the right 
: side and in L4—3—2. 
Case 6.—Ohronie suppuration of Lesion” of the posterior columns 
left knee-joint. E most intense on the left side; slight 
in Sl, well marked in L5—4-—3. 
The lesion ceased at D11. 
Case 7.—Prostatic cancer ; chronic Followed by transverse myelitis at 
oystitis. . i level of D8 and 9. 


All the above cases were studied by the Marchi method for myelin 
degeneration, and all showed involvement of the posterior columns in 
that region of the cord which corresponded to the nerve supply of the 
infective focus. At times also the anterior radicular fibres were 
affected. Case 1 and the case of brachial neuritis illustrate these two 
points very well. Another noteworthy point is that the degeneration of 
both anterior and posterior spinal roots always begins at the point 
where the fibres entering the cord lose their neurilemma sheath, that 
-is in the intramedullary portion, and in the case of the anterior roots 
‘the degeneration in some instances has been traced from the cord 
margin into the grey matter, where it terminated among the cells. The 
effect of the toxins is not always exerted on the lateral portions of the 
cord. In the case of brachial neuritis, however, we find the lateral 
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diffusion very marked, a fact to be explained in all probability by the 
high activity of the infective focus and its close proximity to the spinal 
cord. The greater the degree of toxicity, therefore, in the lymph- 
stream, the more diffuse the cord lesion. 

The extramedullary portions of the spinal roots in the above cases 
were examined for degeneration with a negative result. It seems clear, 
therefore, that toxins can ascend along the perineural lymphatics 
without producing parenchymatous changes in thenerves. On reaching 
‘the cord, however, they give rise to a degeneration of the myelin sheaths 
with which they come into contact. At the same time, in saying this 
we do not mean to affirm that parenchymatous changes are absent in 
all cases. It will be shown in another part of this paper how organisms 
and toxins.cause an epi- and perineuritis as they pass upwards along 
the nerves; and it is conceivable that such, if of an acute nature or in 
action for & prolonged period, would tend to induce secondary paren- 
chymatous changes, especially were an extension of the inflammatory 
process to take place along the septa between the nerve-bundles. 


EVIDENCE oF LiMPHOGENOUS INFECTION OF THE CENTRAL NERVOUS 
SYSTEM FROM HXPRRIMENT: DEGENERATIVE LESIONS. 


* When the examination of clinical material had shown that lesions 
. In the central nervous system had a definite anatomical relationship 
with the nerve supply of peripheral infective areas, and that these 
lesions depended upon toxic diffusion along the perineural lymphaties, 
it seemed that to submit this view to experiment would be the most 
certain method of obtaining definite data. 

Instead of injecting organisms or toxins into the nerves on which it 
was proposed to operate, we placed a celloidin capsule ‘containing a 
broth culture of a micro-organisin in contact with the nerve. In one 
series of experiments this was placed under the gluteal muscles along- 
side the sciatic nerve; in another series under the skin of thecheek. The 
animals experimented upon were rabbits and dogs, and the organisms 
used were Staphylococcus pyogenes aureus, Bacıllus pyocyaneus, 
Gaertner’s bacillus, B. colt, B. botulinus, and a culture of a diphtheroid 
bacillus obtained from a case of dementia paralytica. We commenced 
experimenting with all these bacilli, but later adopted a strain ‘of 
S. awreus whose virulence had been raised. It was also found expedient. 
to renew the capsule at intervals. Some of these capsules remained 
intact, others did not, and a variable amount of leakage occurred. The 
tissues from the first series of experiments were prepared for examination 
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of the degenerative changes in the medullated fibres of the nerves, 
cord, medulla, and pons. Marchi’s osmic acid method was employed. 
Those from the next two series were prepared to demonstrate the inflam- 
matory phenomena. The capsules were left in situ for periods of from 
fourteen days to six weeks. Control experiments were carried out with 
capsules containing sterile broth. 


CAPSULE IN CONTACT WITH SCIATIC NERVE. 


In the lowest segments of the cord no degeneration was found. 
Marchi’s method, however, gave a positive reaction in the lumbar 
enlargement. The degeneration of the exogenous system of the 
posterior columns was seen to begin immediately at the point where 
the fibres lose their neurilemma sheath; it involved the root entry 
zone and the remainder of the columns with the exception of a 
small area behind the commissure and the posterior periphery of the 
cord. There was considerable degeneration of the collaterals, which 
principally affected those running through the antero-internal angle of 
Rolando’s substance in the posterior grey horn; those passing towards 
the anterior cornua showed much less alteration. The degeneration 
diminished rapidly in the lower dorsal segments. 

In one experiment a capsule was also placed under the muscles of 
the upper dorsal region. The capsule ruptured and at post-mortem 
pus was found among the cervical muscles of the right side. There 
was degeneration of the posterior columns in the lumbar enlargement, 
distributed as noted above, which steadily decreased from below 
upwards, and in the lower dorsal cord consisted in a few scattered 
fibres round the postero-median septum. In the upper dorsal region 
considerable degeneration again appeared in the root entry zones, 
especially of the right side: this, however, was not so systemic in 
character as that of the lumbar region. In the cervical cord there was 
a marked increase in the number of degenerated fibres which filled the 
posterior columns, with the exception of the zone immediately behind 
the commissure and that adjoining the cord periphery. The collaterals 
leaving the root entry zones were degenerated, but not further anterior 
than the level of the commissure. 

In one case there was also degeneration of the lateral columns in 
the vicinity of the posterior horns. The extramedullary portion of the 
posterior roots was examined by Marchi’s method: no degeneration 
was present. 
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CAPSULE UNDER SKIN OF CHEEK. 


The medulla and pons were cut in serial section and the Marchi 
method demonstrated degeneration of the cranial nerves in their intra- 
medullary course. The degree of degeneration varied in intensity as 
well as in type. 

"Third. nerve.—There was a high degree of degeneration of the third 
nerve from its point of emergence back to the nucleus of origin, towards 
which the morbid change diminished in intensity. The degenerated 
myelin showed as long, thin, black threads arranged in parallel or 
sinuous rows and with moniliform swellings. 

Fourth nerve.—There was less degeneration in this than in the third 
nerve. There were short sinuous black filaments at the point of 
‘emergence. The degenerative phenomena decreased rapidly from 
below upwards and were absent at the nucleus of origin. 

Fifth nerve.—The morbid change in both sensory and motor portions 
was very marked. In the latter were short, thin, black filaments with 
 moniliform swellings intermingled with swollen globules which could 
be traced into the principal nucleus of origin and for a short distance 
upwards along the mesencephalic root. In the former there was a 
higher degree of degeneration which could be traced for a variable 
distance in the descending root; in one case the degeneration extended 
down as far as the lower part of the medulla. The degeneration 
began at the point where the neurilemma sheath ceases to exist, 
« was very profound especially at and immediately inside this point, and 
all the way down the root was identical with the appearances found in 
Wallerian degeneration. 

Sizth nerve.—There was a greater degree of alteration in this nerve 
than in any of the others, and the morbid appearances were similar in 
character to those in the third nerve. The maximum of degeneration 
occurred in this nerve between a point just posterior to the corpus 
trapezoides and the margin of the pons. Here the myelin was 
fused into short and long masses.of somewhat sinuous outline; some 
ended in swollen bulbs, others were prolonged into fine black threads. 
There were many scattered isolated threads and also polymorphic 
globules. In the middle third of the nerve were sinuous rows of fine 
black filaments running parallel to each other, and towards the nucleus 
of origin these filaments of degenerated myelin were finer, fewer in 
number and could be traced curving round the ascending portion of the 
seventh nerve to the floor of the fourth ventricle. 
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Seventh nerve.—lhe degeneration here was much less. It com- 
menced at the point where the neurilemma left the nerve-fibre and de- 
creased centralwards ; near the nucleus there were merely traces of altered 
myelin. In the distal portion and ascending limb the degeneration was 
mostly of the fragmentary type mixed with & few black filiform varieties. 

Eighth nerve.—The degree of degeneration was slight and only seen 
in the cochlear division where there were a few} black threads with 
moniliform swellings ending abruptly lateral to the restiform body. 

Ninth, tenth, eleventh, and twelfth nerves.—In these there were 
no changes worthy of note. The extramedullary portion of the cranial 
nerves was examined by Marchi’s method and no degeneration was 
present. The degeneration in the pons and medulla was strictly con- 
fined to the intramedullary course of the nerves, except in one instance 
where there was some degeneration of the fibres of the corpus 
trapezoides on either side of the sixth nerve for & short distance. 


The alteration in the myelin sheaths is rather unusual, especially 
that in the motor cranial nerves. In the sixth, for example, there were 
many grades of degeneration. In the initial stage the myelin stained 
darkly (Marchi method), was swollen and vacuolated, later it formed 
thick fusiform masses and then elongated moniliform structures. The 
distal segment of the intramedullary portion of the nerve suffers most, 
and presumably the morbid change spreads from the periphery to the 
nucleus of origin. With this there 18 no change in the extramedul- 
lary part, so that the degeneration is clearly not Wallerian. The mode . 
of extension and the appearance of this variety of degeneration is typical 
of acute toxic infection and is known as “segmentary necrosis." The 
black fusiform masses and long sinuous threads indicate an acute necrotic 
or liquefactive change in the medullary sheath. l 

In all the other cranial nerves and in the spinal cord one can see 
abundant evidence of primary myelin degeneration of varying degree. 
At times the sheath showed degeneration in the neighbourhood of the 
axis cylinder, at others the periphery was affected. In the descending 
root of the fifth in the pons and medulla, and in the root entry zone 
and collaterals of the spinal cord the degeneration was typically 
Wallerian in character, the degenerate myelin fragments and globules 
lying in rows along the course of the nerve and reaching in the case 
of the fifth cranial nerve to the lower part of the medulla. 


From the clinical cases and the results of experiments we arrive at 
the following conclusions: (1) In spinal and cranial nerves there is an 
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ascending lymph-stream to the central nervous system whose main cur- 
rent lies in the spaces of the perineural sheath. Toxins reach the spinal 
cord and brain by this route; and although they spread to some degree 
in the lymph-spaces of the pia-arachnoid, and so may affect structures 
at a distance from the point of entrance, they pass for the most part in 
the main stream along the nerve roots into the substance of the central 
nervous system. (2) Outside the central axis the nerves are possibly 
protected by the vital action of their neurilemma sheath ; most probably, 
however, it is the peripheral situation of the lymph current which is the 
deciding factor. 

The following case, of which we give an abstract, confirms many of 
the observations to which we have just drawn attention. It was one 
of general paralysis of the insane, and at the autopsy in addition to 
the usual morbid appearances there was acute hemorrhagic ulceration 
of the colon, especially in the lower portion, and an acute cystitis. The 
urine was blood-stained and very offensive. There was in addition sup- 
puration in the right knee-joint of two weeks’ duration. Cultures were 
made of the cerebrospinal fluid in the lateral ventricle and from the 
lumbar region, which yielded an abundant growth of a bacillus, rod- 

shaped as a rule, but often long and thread-like. The right sciatic nerve 
' was examined for organisms with negative result. They were found 
abundantly in the following regions, however: the internal layers of the 
‘perineural sheath of the posterior and anterior lumbar spinal roots, 
amongst the fibres of the posterior root entry zone, in the lymph-spaces 
ofthe pia-arachnoid round the cord margin, in its septa passing into the 
cord where they were most numerous at the periphery, in the intra- 
medullary portion of the motor fibres, and in the central canal and 
its neighbourhood. In the spinal roots the organisms were observed 
passing inwards along the septa. There were many organisms within 
the adventitial lymph-spaces of both cord and roots, but none within the 
lumen of the vessels. ‘The vessels were dilated, congested, and the 
adventitial space infiltrated with small round cells. The organisms 
within the cord, therefore, find their way into those areas which are 
affected in toxic diffusion. This is especially well brought out by 
reference to the case of brachial neuritis, in which it will be remem- 
bered the myelin degeneration was distributed in the posterior root 
entry zone, the anterior radicular zone, under the pia-arachnoid and 
along the septa to the central parts of the white matter. 

This case of organismal infection is of considerable significance. 
It shows us that the cerebrospinal lymph flows into the adventitial 
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spaces of the vessels, which may thus be infected secondarily. We 
know, too, that the products of myelin degeneration in many cases may 
be swept into these spaces until the vessel stains jet black with osmic 
acid. It is most probable that the unity of the adventitial lymph system 
with the general lymph circulation in the cord is the true explanation 
of the vascular phenomena found in acute myelitic lesions, and that 
these should not be considered as of- hamatogenous but of lympho- 
genous origin. Strong support in favour of that view will be found in 
the next series of experiments. l 


THE HISTOLOGICAL EVIDENCE OF EXPERIMENTAL INFECTION OF THE 
CENTRAL NERVOUS SYSTEM BY THE LYMPH SYSTEM OF 
PERIPHERAL NERVES. 


Series 1.—The method of experiment adopted was similar to that 
previously employed. The capsule containing & broth culture of an 
organism was placed under the gluteus maximus of a rabbit or dog 
and in contact with the sciatic nerve. The organisms employed for 
experiment were the Staphylococcus pyogenes aureus, a diphtheroid 
bacillus from a’ case of general paralysis of the insane, and the Bacillus 
botulinus ; the animals were allowed to live for varying periods up to 
one month. At first we found that movements on the part of the 
animal caused the capsules to burst; this was reduced to a minimum 
by using small capsules and thus we obtained tissue free from 
suppuration. | 

After the tissue had been placed in formalin 10 per cent. for at 
least fourteen days, longitudinal sections were made of the trunk of the 
sciatic nerve in its whole length, and of the lumbo-sacral ganglia with 
the anterior and posterior roots attached. A portion of the celloidin 
capsule with the nerve adherent to it was embedded in paraffin, cut 
transversely, and the sections fixed on albuminized slides. We propose 
to begin our description with the morbid phenomena at this point 
and will then pass on to the changes in the epi- and perineurium, to 
the signs of irritation in the nerve, and finally, to those in the spinal 
roots and ganglia. The sections were stained either with toluidin blue 
alone, or counterstained with erythrosin. 


A.—Where no Suppuration occurred. 


In an experiment of ten days’ duration, the mflammatory exudate 
binds the nerve fairly firmly to the capsule, and is composed of definite 
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layers (fig. 1). In that lying nearest to the capsule there are a large 
number of polymorphonuclear leucocytes mixed with many cells whose 
protoplasm is scanty in quantity and whose faintly stained oval nucleus 
of medium size contains very little chromatin (fig. 2). Many of 
these clear nuclei are considerably distorted, others are placed excen- 
trically in a cell body of fair dimensions. Excentricity of the nucleus 
is frequently associated with diminution in size. The second layer is 





Fic. 1.— 1, celloidin capsule; 2, layers of exudate ; 3, granulation tissue in 
epineurium ; 4, fasciculi of sciatic nerve. 


composed almost exclusively of typical fibroblasts (fig. 2). Where it 
joins the first layer there are small round basophilie bodies suggestive 
of degenerated polymorphonuclear leucocytes; at its opposite margin 
are a few lymphocyte-like cells, some clear oval nuclei with little 
chromatin, and some young fibroblasts whose nuclei though elongated 
are still oval in contour. This fibroblast layer is intimately connected 
with the epineurium, which is intensely inflamed. 

There is a change in the character of the cellular reaction immedi- 
ately the line is crossed between the fibroblast layer and the highly 
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vascular epineurium. In this there are a large number of cells around 
the capillaries and veins; there are also groups of new vessels. With 
high magnification the adventitial sheath of the veins is seen to be 
infiltrated with small round cells whose nucleus stains deeply (fig. 3). 
Many of these surround the smallest vessels and lie free in the inter- 
vening tissue. In some, the protoplasmic body is indistinguishable ; 
in many, however, there is a faintly stained narrow ring of cytoplasm ; 
in others, again, the cell body is quite distinct, stains a violet colour, 





Fic. 2.—1, polymorphonuclear leucocytes mixed with large clear cells ; 2, fibroblast layer. 


and the nucleus is excentric. Around some capillaries and veins there 
are typical young plasma-cells with a round, excentric nucleus, a violet 
vaguely granular protoplasmic body, and a distinct crescentic halo at 
the central side of the nucleus (fig. 4). As we shall note the presence 
of plasma-cells frequently, it may be advisable to define what we mean 
by the term. The body, as a rule, is round, but may be fusiform or 
cubical according to pressure of numbers or the density of the tissue 
in which the cells are situated ; the protoplasm stains of a blue or blue- 
violet colour, and we agree with Nissl [24] that while not definitely 
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granular, still it is not homogeneous. There is a halo of varying size 
at the central side of the excentric oval or round nucleus, in which 
strongly staining chromatin particles may be uniformly distributed, 
or arranged at intervals round the periphery—the  ''clock-face " 
appearance. 

In the areas of new vessel formation there are many cells with 
a large clear oval nucleus scattered amongst the round cells. Sometimes 
no cytoplasm is visible; the majority, however, possess a small quantity 





FıG. 3.— Small round-cell infiltration of epineurium and adventitial sheath of a vein. 


of protoplasm which stains very lightly. In a limited number it is 
more evident and is drawn out at both ends of the cell as a fine thread, 
an appearance reminiscent of developing fibroblasts. 

At the twentieth day much the same phenomena are seen, with, at 
the same time, some important though slight differences. In the 
polymorphonuclear.layer next to the capsule the cytoplasm of the cells 
with clear oval nuclei is much more prominent. Some are reticular 
in appearance with a nucleus of irregular outline. In the second layer 
the transition from young to adult fibroblasts is very well seen, and is 
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indicated by the progressive flattening and elongation of the nucleus 
and by the marked increase in length of the protoplasmic body. On 
the side of this second layer which is nearest the nerve there are 
groups of reticulate cells, amongst which are a few fibroblasts. These 
cells possess a large, faintly stained reticular cytoplasm; in some the 
nucleus is large, pale, and irregular in outline, while in others it is 
much reduced in size, stains deeply, and is excentric in position. 
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Fic, 4,—Plasma-cells round a vein. Note the absence of proliferation of the intima. 


In some experiments the nerve was carefully stripped from the 
capsule and cut in longitudinal section in order to study specially the 
reaction phenomena in the epineurium. On the tenth day this highly 
vascular tissue shows a remarkable degree of inflammation, especially 
around the veins and capillaries (fig. 5). There are many proliferated 
nuclei, some of which are small, round, and deeply stained ; others, again, 
are large and pale, with fine granules of chromatin. The majority of 
the pale nuclei are oval in shape and regular in outline ; some, however, 
are more elongated or pear-shaped, and in others the nuclear membrane 
may be irregular or indented. The round, darkly stained nuclei occur 
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in large numbers, and there are plasma-cells in all stages of development 
amongst them. Many of these plasma-cells do not stain quite normally, 
and occasionally some are seen in a regressive phase in which the body 
is pale and hyaline, while the nucleus stains deeply and is crenated. 
The intima of the vessels around which this proliferation is occurring 
is comparatively free from irritative phenomena; all that is seen is 
swelling of the endothelial nuclei which may project into the lumen 





Fig. 5.—Proliferation of adventitia of veins in the epineurium. 


or become detached. Occasionally, there are small collections of poly- 
morphs and lymphocytes to be seen in the vessels and lying at the 
periphery of the blood-stream ; this is the only evidence of participa- 
tion of the hematogenous elements in the inflammatory process. The 
connective tissue nuclei of the areolar reticulum are pale, swollen and 
distorted, and there are plasma-cells lying, not only amongst them, 
but free in the spaces. 

If the section happens to pass longitudinally through the adventitial 
coat alone a clearer estimate of the degree of proliferation in this sheath 
is obtained than if the lumen is included. The adventitial spaces are 
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are in apposition they may be cubical, but in all the cytoplasm is vaguely 
granular and the chromatin particles in the nucleus, which may or may 
not be central, are arranged in ''clock-face " fashion. Associated with 
them are round nuclei rich in chromatin without a visible cell body, or 
with the merest trace. The endothelial cells of the veins are frequently 
swollen. 

The veins and capillaries within the nerve are much less affected 
than in the perineurium, and the inflammatory reaction is of a more 





Fic. 6.-- Capillary within the nerve. Proliferation of adventitial cells. 


sub-acute nature. ‘Lhe reaction in the capillaries is very variable, but 
always very definite (fig. 6). The adventitial nuclei are swollen, and 
in the spaces are many small, round, dark nuclei, around some of which 
is a moderate quantity of vaguely granular protoplasm; there is also 
a narrow perinuclear space. Quite frequently, and in connexion with 
the finest vessels, plasma-cell formation is the predominant feature. 
These are, as a rule, arranged in a row along the vessel wall, and exhibit 
all phases of transition from the youngest to the mature forms. The 
endothelial nuclei, frequently show a considerable degree of swelling. 
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There is abundant evidence of irritation just distal to the sensory 
ganglia, in the ganglia themselves, and in the spinal roots of the lumbo- 
sacral enlargement. The nuclei of the cells of the ganglion capsule are 
swollen and in places proliferated. Round the veins there are groups 
of plasma-cells. These are also present in the adventitial sheath, whose 
nuclei are increased in number. A group of fully developed plasma-cells 
is often seen at the proximal pole of the ganglion just where the anterior 
and posterior roots diverge. Their relation to a vein is sometimes 





Fic. 7.—Posterior spinal root. Note the area of degenerate dmyelin. The axis cylinder 
is surrounded by compound granular corpuscles. 


obvious, and hemorrhage may be present with them. The capillaries 
of both roots and the ganglion show the same changes as described in 
the fasciculi of the sciatic nerve. The adventitial nuclei are proliferated, 
are round or oval, and in some the chromatin is arranged similarly to 
that in the nuclei of the plasma-cells of which there are many examples 
in all phases of development. 

Chromatolysis of the ganglion cells is rare and when present is of 
the peripheral type. The nuclei of the nerve-cell capsule are proliferated; 
and at times invade the outer zone of the nerve-cell. | 
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B.—Where Suppuration occurred, 
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T'wo inches above the seat of maximum intensity there is a decided 
change in the character of the reaction. "The adventitial sheath of the 
veins is filled with plasma-cells at different stages of development, and 
the intimal cells may be normal or show a slight degree of swelling. 
In the capillaries the intimal reaction is often more prominent than in 
the veins. Many of the plasma-cells show retrograde change in which 
the nucleus is small and darkly stained, while the protoplasm is hyaline, 
vacuolated, or reticulate. 





Fic. 8.—In the centre, plasma-cells round a venule of the perineurium ; at the edge, 
young fibroblasts, 


In the posterior root ganglia the capsular cells round the nerve-cells 
are increased in number, and the nerve-cells exhibit various stages of 
chromatolysis, or coagulation necrosis with homogeneous atrophy of the 
nucleus. 

The appearances in B differ broadly from A in the much greater 
formation of fibroblasts, the larger number of new formed vessels, and 
the greater degree of reaction in both adventitia and intima. 


Series 2.—In this series of experiments the capsule containing 
organisms was placed in a position much nearer the cord in order to 
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practically all. Its peripheral portion stains more deeply than the 
centre, and vacuolation is a constant feature. Many of these cells show 
advanced phases of degeneration in which the cytoplasm is reduced to 
shreds and the nucleus is pale and distorted. 

The appearance of the nucleus varies very considerably. Sometimes 
it is small and deeply stained, at others it is larger and clearer. It may 
be central or excentric. The arrangement of the chromatin is not 
constant; in some nuclei it is situated round the menibrane, in others it 





Fic. 9.—Intlammatory reaction in the epidural tissue: polyblasts, lymphocytes, 
reticulate cells, &c.; 1, giant cells, 


Is scattered throughout. Degeneration of these nuclei is common, when 
they stain diffusely and are irregular in outline. "There are a large 
number of cells resembling small lymphocytes present, and compound 
granular corpuscles, with the typical fenestrated cytoplasm and the 
small dark excentric nucleus. Between the latter and the mononuclear 
cells there are many transitional forms. Mitotic figures occur in some 
of the cells, and giant cells are found in considerable numbers (fig. 9). 
The adventitia of the veins of the epidural tissue is infiltrated with 
plasma-cells, all of which, however, are not fully developed. Here and 
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there around the veins are small collections of cells resembling lympho- 
cytes. The nuclei of the areolar tissue cells are pale and swollen, and 
where the fibrous strands meet one often sees cells whose body is 
rounded and shows a small halo on one side of the nucleus. 

Very distinct evidence of toxic invasion of the dura mater and 
ganglion capsule is seen from the presence of numerous plasma-cells 
between the fibrous tissue layers, and in the adventitial lymph spaces 
of the veins (fig. 10). There are no polymorphonuclear leucocytes or 





Fic, 10.—1, collection of plasma-cells round a vein in the dura mater; 2, proliferation 
of trabecular cells of epidural tissue. 


mononuclear cells present. Many of the nuclei of the dural cells are 
swollen and oval in shape, and, from these, plasma-cell formation can be 
traced through transitional forms. Within the root ganglia there are 
many plasma-cells lying free, collected into small groups, or in the adven- 
titia of the veins and capillaries. The reaction phenomena are greater in 
degree at the proximal pole of the ganglion where there is a large group 
of plasma-cells at the point where the spinal roots diverge (fig. 11). 
Their relation to a vein and to hemorrhage in this situation is note- 
worthy. At this point and along the anterior and posterior spinal roots 
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inflammatory changes of varying degree are present in the adventitial 
sheath of the small veins and capillaries, and in the perineurium there 
are chains of plasma-cells extending from the ganglion to the spinal cord 
(fig. 12). The adventitial nuclei show signs of reaction. They diminish 
in size and become rounder and darker. As the cytoplasm increases in 
quantity the nucleus stains less deeply. Scattered amongst the adventitial 
nuclei are adult plasma-cells. | 





Fig. 11. —1, collection of polyblasts and plasma-cells at the proximal pole of the root 
ganglion ; 2, root ganglion nerve-cells. 


The degree of reaction in the pia-arachnoid and cord is much less 
than in the ganglia and spinal roots, and from the pia inwards there 
is a progressive diminution in the intensity of the inflammatory 
phenomena. The nuclei of the cells lining the trabecule of the pia 
mater are in many instances swollen and stain more deeply than 
normal. The adventitial cells of the veins and capillaries are greatly 
increased in number, are small, round and deeply stained, while plasma- 
cells in all stages of development are evident. This reaction is especially 
well seen in the small vessels passing from the inner layer of the pia 
into the white matter. In transverse sections vessels showing these 
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Fic. 12. —1, inflammatory reaction in the perineurium between the root ganglion and the 
cord ; 2, root ganglion nerve-cells. 





Fic. 13.— 1, plasma-calls in the adventitial sheath of the vein in the postero-median 
septum of the cord; 2, pia-arachnoid. 
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changes are observed dipping into Lissauer’s tract, the substantia 
gelatinosa Rolandi, the root entry. zone, along the postero-median 
fissure, down the septa into the lateral region as far as the basis bundles, 
and through the area of the emerging anterior roots (fig. 13). Reaction 
changes are found in connexion with the vessels of the grey matter also, 
but trifling as compared with those of the peripheral portions of the spinal 
cord. The adventitial sheath of the veins and capillaries in the outer 
portion of the grey matter exhibits proliferative changes and is infil- 
trated with young plasma-cells, but near the central canal the reaction 





Fic. 14.— Note the proliferation of neuroglia round the venule. 


is minimal. Here the adventitial nuclei are merely rounder and more 
deeply stained than normal, while at times the endothelium projects 
into the lumen. 

The neuroglia elements throughout the cord are proliferated, 
especially in the neighbourhood of the venules and capillaries in the 
white matter. By Alzheimer's method the nucleus is clear, round or 
oval; the cytoplasm stains light blue, is increased in quantity, and often 
extended into short stumpy processes. These are the “‘ amoeboid ” glia- 
cells which are characteristic of acute morbid processes. | In toluidin 
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€ f the proliferated cells have- all the characters of fibroblasts, i in ‘others | Es 

us is more rounded and the cell eii large Others again, 
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with a paler nucleus, resemble large lymphocytes. Many degenerate 
forms are present. "There is a high degree of proliferation of the cap- 
sular cells round the nerve-cells of the spinal ganglia, which exhibit acute 
chromatolytic changes. 

The pia-arachnoid is acutely inflamed, and the cells of the exudate 
have an elongated oval shape and a nucleus moderately rich in chro- 
matin. In the adventitia of the veins at the margin of the cord the 
reaction cells are rounder and their nuclei show variations in shape and 





Fic. 15.—Inflammatory reaction outside dura. 1, posterior spinal root; 2, proliferation 
of cells of adventitia of a perineural vein; 3, lateral column of spinal cord; 4, proliferated 
cells of dura mater ; 5, inflammatory reaction and organisms in epidural tissue. 





staining quality. The majority of the nuclei are pale; a are deeply 
stained. At times they are round, but generally o "an indenta- 
tion on one side. Most of the cells possess a considerable quantity of 
protoplasm, but those with a round dark nucleus have little, and 
resemble small lymphocytes (fig. 16). 

The efficiency of the dural barrier to the inward spread of organisms 
is well illustrated in these experiments. Only rarely did they reach the 
pia-arachnoid. When this did occur che organisms could be traced into 
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the adventitia of the veins of the lateral columns of the cord. A vein 
thus infected shows many degenerated cells in its adventitia close to the 
pia-arachnoid. Further inwards the reaction cells are better preserved 
and both adventitial and intimal cells are in a state of active pro- 
liferation (fig. 17). Their nuclei are round or oval, and in many cases 
show an indentation on one side; the cell sometimes contains a few 
irregularly distributed, deeply stained masses. Frequently the nucleus 





Fic. 16.—1, Organisms in epidural tissue; 2, proliferation of cells of dura mater $ 
3, proliferation of cells of pia-arachnoid ; 4, proliferation of adventitial cells of a vessel passing 
into the lateral columns, with formation of polyblasts. 


is so much indented and irregular in form as to resemble that of a 
polymorphonuclear leucocyte. Cells of this type have been described 
by Wickmann [43] in his work on acute poliomyelitis as “ polyblasts.”’ 
In connexion with some of the vessels there are collections of cells 
which present quite a different appearance. Their nucleus varies in 
size and staining reaction. Most are round, deeply stained, and situated 
at one edge of the cytoplasm, which also shows variations. Frequently 
it is obviously reticulate, and the spaces in the meshwork may be clear, 
or occupied by a material which stains somewhat less deeply than the 
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Fic. 17.— Proliferation of intimal cells, showing their projection into the 
2 proj 
lumen of the vessel, 





Fic, 18, —(1) Collection of compound granular corpuscles. 
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Fic. 20.—Reticulate cells. 
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nucleus. These cells correspond morphologically with the epithelioid 
cells and “ Kórnchenzellen " of Friedmann [11] and their function is 
that of removing the products of degeneration. Their significance will 
be discussed later (figs. 18, 19, 20). 
l Although it is rare to meet with organisms within the spinal 
cord, it is important to note that the vessels in both grey and white 
matter are the seat of marked pathological changes. They are dilated, 
and their walls are infiltrated with round cells «ig. 21). In some 
there are fibrin filaments. Ha&morrhages are seen occasionally. The 
infiltration of the vessel walls is more pronounced in the white matter ; 


Fic. 21.—Three vessels showing adventitial proliferation : a, from experimental lympho- 
genous infection (cord); 6, from a case of erysipelas of the face with ascending perineuritis 
of the fifth nerve (pons) ; c, from experimental acute poliomyelitis in the monkey (cord). 


many of the small vessels in the grey horns show only a degree of dila- 
tation and swelling of their endothelial nuclei. 

There is a general neuroglia reaction particularly marked around 
the vessels, and the cells show transitional forms between the normal 
cell and the * amaboid ” type of Alzheimer [3] (fig. 22). The nerve- 
cells are acutely degenerated. The majority stain very faintly and 
diffusely ; in some the cytoplasm is in a condition of coagulation necrosis 
with homogeneous atrophy of the nucleus (fig. 23). Many of the 
nerve-cells are greatly disintegrated: and neuronophagy is common. 
By Marchi's method there is evidence of much fibre destruction in the 
lateral columns of the cord. 
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Fic. 22.—Reaction of neuroglia cells: amcboid type of Alzheimer. 





4 


Fio. 23. —(1) Vacuolation of nerve-cell ; (2) homogeneous atrophy of the nucleus. 










SES. The evide ce given im i I and Series IH leaves no room for 
» doubt. that. the lymph-stream in nerves ls an ascending. one, and that. 
toxins and organisms can be carried to the cord by that path. The 
.... reaction of the tissues to the toxin also shows that’ the lymph not only 
ascends in the spaces. of the nerve-sheaths, but diffüses in the fibrous 
.. septa between the nerve fasciculi and into the adventitia of the vessels. 
From the experiments, too, it is clear that when the. toxin gains the 
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: general circulation. — The. reason why the adventitia of the veins and 
. capillaries of the nervous system in lymphogenous infection should 

: show 80 much inflammatory change is therefore obvious. 










oe The "osülts of the above experiments show that infection of the 
: en system of Peripheral ı nerves is followed Ma an ‘tending peri- | 







































10w sb n to tone forvard have confirmed the teils of our experi DTE 
ments, and it will be observed that not. only. is. the: same. ‚path of 
infection. clearly demonstrated, but also a perfect: similarity i inthe type ` 
of reaction, This reaction varies with the degree of intensity a the 
irritant. — | 
: We propose fo give here a digest of these clinical cases: a aig 
| . account has appeared in a previous publication—written in collaboration 
with Dr. Stephenson [32]. 
| (1) Carcinoma of the tongue with suppuration in the floor of the 
 mouth.—'The tissues examined microscopically were the twelfth, 
seventh and fifth cranial nerves; the pons and medulla; the spinal —. 
ord; the nerves and posterior root. ganglia connected with its cervical | D 
portion. In the twelfth and seventh nerves there is a well marked. 
perineuritis. The cells of the exudate possess à round or indented 
rucleus containing little chromatin, and a faintly stained. cell. body 
Other cells are present with a deeply stained nucleus and a small. 
-quantity of well stained protoplasm. The cells of the adventitial sheath 
f the veins and capillaries in the epi- and perineurium are proliferated © 
In some of the capillaries the endothelial cells are swollen, round, and. 
roject i into the lumen. Within the nerve the reaction. is much. less. 
intense. The neurilemma cells are swollen, and  plasma-cells ar 
present § in the adventitial spaces. Around the. nerve-cells in the geni | 
-culate ganglion of the seventh nerve there is proliferation. going on. 
mongst the capsular cells. A perineuritis is still present at t this level a 
-though it is not so acute as in the more peripheral portion, le un Us 
. The highest degree of inflammatory reaction is round the fifth deives. cH 
outside the dura mater, and in the Gasserian. ganglia. The peri- and 
 epineurium are infiltrated with polyblasts and cells of the small round  . e 
lymphocyte type. Between these two are transitional forms. There EA 
are also reticulate cells containing refractile granules which stain purple — — 
with toluidin blue. They are numerous where hemorrhage and blood. 
pigment are present, and are probably scavenger cells. Possibly these 
. granules, which at times escape from the cell through the bursting - 
of the. cell membrane, correspond to. the hemosiderin. observed by- 
Bonfiglio [6] in plasmatocytes of the central nervous system.» | 
: Within the Gasserian ganglion there is less reaction than around E 
. the nerves. The polyblasts are fewer in number, and larger, rounded, | .— 
. well stained cells with a darkly stained nucleus. are present. - These i 
TOR, ‚the a cells of € Pappeidig (38), Jy _ Plasma-cells are 




















Fu of: the. nucleus, in others there is ad ced hromatäly ii, | 
and neuronophagy. PME ns Ä j 
2... The degree of ifion - in “ng pia “mater. à i cov ring. the pons is 
= inch less than in the structures already described. There is infiltra- 
~ tion with small round: cells, some of which exhibit. the characters of 
-~ plasma-cells. The same appearance is seen in the adventitial sheath 
. . Of vessels passing. into the pons. The pontine vessels are markedly 
A dilated : the nerve-cells show chromatolysis ; ; and. the neur oglinpells | 
are proliferated. | n | 
"There is an intense  perineuritis of the — and spinal roots of a 
" cervical region. ‚The ER: phenomena a are most io 








‚tion ur m: e dom 
an are Mee: » 





Within the ganglia t hé reaction. is s less acate: “the a ve tissues and 
i adventitial sheaths are proliferating. There is marked. chromatolysis of vu 
.. . the nerve-cells with homogeneous atrophy of the nucleus, and their 
capsular nuclei ate greatly increased in number. In the pia-arachnoid 
of the pons there is a. considerable degree of round-cell infiltration. . 
Within the pons the vessels are dilated, while the walls of the veins and ~ 
capillaries show signs of reaction. Chromatolysis is present in the — 
nerve-cells ; many of the’ ee elements" have unde gone an acute = = 





















(8) J uvenile general parah ysis with “bedsores over rh sacrum, right - 
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hip, and elbow; of three weeks’ duration; there was necrosis of the 
gluteal muscles. At post-mortem examination there was great excess 
of cerebrospinal fluid. There was a purulent inflammation of the 
epidural tissue over the lowest portion of the cord. Microscopically 
the loose areolar tissue covering the dura contains micro-organisms, 
hemorrhage, and the proliferated cells of the connective tissue. Some 
of the cells in the exudate resemble polyblasts, in others the nucleus is 
more deeply stained, and the surrounding protoplasm greater in quantity. 





Fic. 24, —From a case of erysipelas of the face. Note the intense inflammatory 
reaction in the areolar tissue covering the sheath of the Gasserian ganglion. 


Small, round, lymphocytic cells are also present. There are no organisms 
within the dura mater, but a considerable degree of inflammatory 
reaction. There is active proliferation of the cells in the perineural 
sheath of the spinal roots. Here are groups of cells resembling the 
pseudoplasma-cells of Pappadia. Within the nerves and sensory 
ganglia there is less reaction. The adventitial cells of the venules and 
capillaries have proliferated, and plasma-cells are present. The nerve- 
cells show chromatolysis, and their capsular cells are increased in 
number. The pia-arachnoid over the lumbo-sacral region is infiltrated 










i All the signs 


` were Peak ono 
varietal. ‚of the diaphragm, | 
and outer layer i ot 1 the y pericaniiusi. ^ l The. compo on of a nodule was. 
fibrous tissue, lymphocytes, connective | tissue cells” with large clear 
< > nuclei, and. giant cells. No baciili were seen by the ‚Ziehl-Nielson stain. 
2... In the dorsal cord the endothelial nuclei on the inner surface of the 
nt are o peli. The ; perinnuriam, s of the ial roots and the. 
| ra few plasma-cells. ^. 
is most marked |. 
rachnoid is. : filled u 
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1. The presence : of gian 
(m the lumbar. vata EE 











eased in mum “o | » | | 
(5) Tubercula - lumbar. ige, — The ‘patient: de oped uiii 
of acute meningitis two days before death. There are tuberele bacilli — 
if and. giant cells in the wall of the abscess. In the lumbar cord the 
spinal roots are practically: normal. The pia mater and adventitial 
o spaces are infiltrated with lymphocytes: a few plasma-cells are present. 
|. Some giant cells are to be seen in the perivascular tissue. A mild 
degree of adventitial proliferation and neur oglia reaction is present 
within the cord. | | : 
in the dorsa. ord the perineurium of. the spinal tools shows a high Po 
re e of inflammatory act ion consisting o of ly mpho: rated 













Haw proliferation of tlie tells of 1 the pie-srachneid and its spaces are p 
 infiltrated with lymphocytes, as is the adventitia of its vessels. Plasma- c 
— . cells also are present, and giant cells. Within the cord there are 
inflammatory changes in the septa and proliferative changes in the 
. adventitia, which is filled with lymphocytes. There are hemorrhages 
|. Hn the white matter, and in the fourth dorsal segment in Burdach’s 
= Column near the cord periphery there is a small isolated patch of. 
- myelitic softening. The neuroglia is proliferated. Marchi’s method |... 
shows diffuse myelin degeneration more prominent round the S uoo 
_ periphery. Myelin degeneration is also present in the spinal roots. ^ 
_ Tn the cervical cord the inflammatory reaction in the pis-arachnoid 
s quite well marked, but of less degree than in the dorsal region. Gia: 
ells are present in the vessel adventitia. The perineurium of the spinal 
'oots shows Es same he of reaction as in those of the: dorsal cord. 
































. bod “The tumour was s epitheliomatous and: was ulcerated. “Ta 
‚the cervical cord the epidural tissue is. greatly: inflamed. Th 





generated: salle i all 1 probability polymorphs. aa ihe: dil tissue 
are cocci, polymorphs, and some mast-cells.- The perineurium of the 
spinal roots is infiltrated with small round cells; these. are also present 
n the septa between the nerve-bundles, and in one anterior root ther 
re cocci similar to those in the dura lying amongst the reaction cells. 
The neurilemma nuclei are proliferated, as are the capsular cells 
surrounding the posterior’ root ganglion nerve-cells. These show. acute 
K hromatoly sis and are almost devoid of chromophile material. T "here - 
are small groups of cocci in the pia-arachnoid, and many degenerate No 
‘polymorphs, ly mphocytes, and proliferated connective tissue cells. ^ 
Within the cord the vessel adventitia is greatly proliferated ; lympho- : 

... eytes are few in number, and there are no plasma-cells. The neuroglia 
shows signs of reaction; the nucleus is swollen, rich in chromatin, 
while the enlarged cell body is branched. | 

a In the dorsal cord the dura mater is normal. The pia-arachnoid is 
infiltrated with many polymorphs and to a less degree with lymphocytes. 

_ The perineural sheath of the spinal roots contains many polymorphs ; | 
the connective tissue cells and adventitial elements are proliferated; the = — 
. vessels are dilated and ee the neurilemma i is ; normal. OWüthin . 
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oy n the nimbasr region hae are many polymorphs in the pia- 
o üilcbnoid ; lymphocytes. are present in somewhat fewer numbers, 
. .Here the vessels are engorged, and also in the spinal roots, whose 
_ fibrous sheaths are filled with both polymorphonuclear leucocytes and 
_ lymphocytes. In both pia and spinal roots there is a moderate degree 

of adventitial proliferation ; ‘the neurilemma is no rmal Within the — 

cord the vessels are engorged, and a very few lympho ytes are present 
| the s advent Muse. There are small hemor ges in the. grey - 















mde. character is pe 


; pom while the protoplasm contains numerous ilac-coloured granules | 
; (Beich's corpuscles). | | eu 
m. : -Within the right fourth. dorsal posterior root gandlinn there is a 

1 scletotie area surrounded by a zone of small round-celled infiltration. > 
A similar type of exudation is present in the layers of the ganglion — 
Ds capsule and around its vessels. Two-thirds of the medullated fibres of oe 
he corresponding’ posterior ‘root are degenerated and the neurilemma PR 
. The cord was examined by Marchi’s me shod and i in. pe 
rent there w was s degeneration in the root entry zone. - 











uclei‘ prolifer ated. 
ihe fourth dorsal seg 


CAM. Alas: cases except the last one show a dittue meningo-n Mm » è bia 


of the cerebrospinal axis, the result of toxi-infection of the perip pheral : 5 p. 
-  merves. The inflammatory phenomena in the cord and its membranes. 2 
| vary in intensity from case to case according to the potency of the 


infective agent, and the spread of the inflammation is by the direct E 


| continuity so typical of ly mphogenous infection, The cases show that a 


iny portion of the central nervous system. may be attac zed byo organism 5 
or toxins passing up the nerves from infective foci, and although the 
orphological changes may vary according to the potency of the excitin 

po the sagen sie of entrance and expend i is a er - 


ibtd: are o thé nem mort tissue t covering. the, nérri- anh. iad he 
dura mater, and the adventitia of the veins and capillaries. — In both the 
peripheral nerves and cerebrospinal axis the degree of reaction diminishes 
from: without inwards and that portion of the latter directly connected 
by nerves with the peripheral source of infection exhibits the highest 
degree of inflammation. | i FF 


- "Bo far we have dealt only with Ipriphogenoni infection of the cor 
and brain. We shall now contrast the. lesions produced. b "his 
: mechanism with those which. occur when a hematogenous into: eation 
ds induced. | RS. r uh 

^ We have lately undertaken a series of experiments” in which the 
? abdominal: cavity was chosen as the site for infection. "was done 


for three reasons: (1) The peritoneal cavity is most suitable ‘te a an du * 


experiment i in which one wishes to avoid infection of the lymph system of 


5 spinal nerves; (2) to reproduce as closely as possible a gene ens p 
|. intoxication, and observe the effects upon the spinal cord; (3) to ascer- quem 
.. tain in how far such toxi-infection affected the sympathetic ganglion 
chain. Celloidin capsules containing a broth culture of the Staphylo- 


coccus. e pyogenes , aureus were theréfore rd in various. regions of. the 













ed to live for from 
ind surrounded by - 
| y exudate, mesentery, stomach, - 
* small and ee duet. were UM aguas The inflammatory 
. reaction extended from the neighbourhood of the capsules a consider- 
E ! able distance along the mesentery, and there was abundant microscopical 
|. evidence of reaction in connexion with the sympathetic ganglia. Some 
of these were surrounded by masses of degenerate polymorphonuclear 
cells, by cells of the lymphocyte type, and by fibroblasts; the vessels | 
nering; into the Batalion substance showed -— ive changes it in ithe” 




































h affected both E | 
he latter. | T ie e 





| and white cer Bes the = layers 0 
EL sete nn. e amesboid a and | ds 





| Man y 
veins and capillarie sree the white matter ; | io ica gr gns of morbid Dl 
hange in the adventitia and intima consisted only in a slight degree of ar 
veda of the nuclei. This contrasts sharply with ymphogenous: DO 
.. inflammation where adventitial proliferation is constant. In addition to” 
this generalized neuroglia reaction there were small scattered sclerotic 
|... foci consisting of glial elements in the resting stage following prolifera- 
| : tion. Their nuclei were smaller than normal, filled with chromatin, and 
_ their cell bodies and processes massed together to form a syncytium, 
Ut They occurred most frequently in the neighbourhood: ‘of the cord margin, = 
ind at times were definitely related to dilated vessels and hemorrhages. gio ae 
umbers of cells of the Iymphocyte type were seen in both grey and MP 
white matter i in some of the > experiments. . Be n 





















The. nerve- cells showed early chramitelysia- he n : 
s rather diffusely stained, an appearance A reithr c the i initial stage : 
"homogeneous atrophy, and the chromophile elements in the cell ^. 
centre had an increased affinity for the stain, while their edges. were not Boe ES 
so sharply outlined as in the normal. In other cells the elements at the | 
DA edge of the cell body were disintegrated. There were many cells of the 
|^ lymphocyte type scattered amongst the nerve-cells and often lying in 
. . close proximity to them. Many swollen neuroglia nuclei were found 
.. round the margin of the nerve-cells. 
^ Portions from the cervical, dorsal and lumbar levels of the cord were _ 
examined for alterations in the myelin sheath. The Marchi, Wolters, — . 
and Donaggio methods were employed, and all gave positive results. Theo 
latter method was found to be the most trustworthy for demonstrating 2 
he early changes in the “myelin sheath. | The striking feature of the 
medullated fibre lesions was their non-sy: stemic character. |^ The two 
‘areas involved were the cord periphery and the ‚posterior columns, In^ 
the cervical and lumbar regions the whole cord periphery was affected, 
eaving the pyramidal tracts and antero-lateral basis bundles. free. In 
he dorsal cord this marginal degeneration did not involve the posterior. 
olumns.- The degeneration of the posterior columns varied from region 
‘to region. In the lumbar cord it formed a small triangle round the — ^ 
posterior end of the postero-median septum with dis base towards ihe 
A ord margin. Higher up, in the dorsal cord, the- deg renerated. fibres c 
ormed a V whose apex reached the middle of the septum, while its 
limbs diverged backwards towards the cord margin, leaving | the. area. | 
round the Bs third of the septum préciser free from m denied. 



















































external to each side of the median septum and running backwards. to à 
join the marginal degeneration. The medullated fibre lesion was there- ! k 
| - fore maximal in the cervical and minimal in the lumbar region, and the 
root entry zones throughout the cord were free from degeneration. 
m - Wolters’ method showed no sclerosis in any of the tracts; but in the 
external portions of the cord the medullated fibres were swollen, irregular, 
and often fragmented, appearances resembling those found in the cord 
edema of cancer cachexia and pernicious anemia. By Marchi’s osmic | 
< acid method some fibres scattered throughout all regions of the cord gave 
..& positive reaction. In the vein of the postero-median septum the adven- ici: 
titial sheath sometimes contained a. considerable quantity of degenerated i 
mem which had evidently been carried there oby i the. e lymph current. — : 


















ery considerably : i 


increased affinity 
i, and some dis- 
r » wies was noticed. 
x There were a. (fes calls ot the. pac ami type: in 
lymph spaces. Where a higher degree of toxicity. was induced the 
. changes in the vessels were the most prominent feature. All the 
. arteries, veins, and capillaries in both grey and white matter showed 
* hyaline degeneration of their walls, and. many contained partial or 
complete thrombi. In the vessels showing incomplete thrombosis the 
ıyaline material lay along. the vessel wall as a thick band connected by 


















acuoles were seen in the thrombi, and. there. was practically no dis- - 
turbance of the intimal or adventitial nuclei. Morbid changes of some- - 
what the same nature have been observed by ours and Ziveri in | 
enile dementia. [45], by Campbell i in general paralysis of the insane [7], 
ind by Alzheimer. [4] in general paralysis of the insane and epilepsy.. _ 
If we summarize the changes above. described, we find (1) the most > 
ghly developed structures, the nerve cells, suffer least of all; (2) there 
primary degeneration of the myelin sheath round the cord margin 
ind along the postero-median septum; » ine my: pu degeneration 
rentes in the “Upper n o of the cord 





































he fixed connective dae. 3: D he ‘proliferation o o ‚cells of the 
dventitial sheath. of ihe. veins. and capillaries; (8 
of numerous scavenger-cells | when the. myelin is disintegrated ; (4). 
nerve-cell degeneration and neuronophagy. From the above one. 
oe must conclude that the lesions in hematogenous intoxication are of 
| & degenerative nature and differ very widely from those found in 
` lymphogenous infection, where the fixed tissues are actively pro- 
-. liferating and all the morbid phenomena are of an inflammatory type. 
The difference between the two might, therefore, be expressed by 
aying that in. lymphogenous infection the inflammatory phenomena. 
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another factor at work. If we le 


























t the term | sufficiently e explain: 
vould seem as though there “was 
‚at the distribution of the myeli E 
.. degeneration alone for a moment, ound the cord margin where edema . 
- is present, and on either side f the postero-median septum, the 
. explanation of a “ general. intoxication” is hardly sufficient. Weaker 
|. resistance on the part of the fibres in those situations might be put 
D forward as & predisposing cause, but this suggestion cannot be 
E substantiated. 
- . 'Lesions of practically the same distribution are found in cancer _ 
: cachexia, pernicious anemia, Addison's disease, ke dI is of importance . " 
o note that the grey matter of the cord so richly supplied. by the 
anterior spinal artery may, ‘be normal; Goll’s tract in the cervical 
nlargement is attacked in its middle third, leaving the long lumbo- 
acral fibres so far away from their trophic centre untouched ; betwee 
he. lesions in the cervical, dorsal, and lumbar. cord there are gre: 
aid not to be accounted for ya a focal lesion. Such a Sad 









































fails SN: cte when we einer that the areas i anpplied y ini pi 
vessels, the cord margin : and. postero-median septum, show degenerati re 
‚change, while- the regions supplied by the anterior spinal arteries 
escape. It is highly probable that there must be an ther factor beside 
intoxication. which determines the localization — of t he degenerations, — 
; and certain indications. point to the sympathetic nervous system. Cae 
"We have shown evidence of involvement of this mechanism in the 
nflammation round the sympathetic ganglia, the proliferative changes 
“in the adventitia of their vessels, and in the chromatolysis of the nerve- 
‚cells; and when it is remembered that the cord lesion in abdominal : 
‚cancer and Addison’s disease—in both of which sympathetic: reflex — 
5 action must be considerably disturbed—have almost the same distribu- vd 
o tion as in our experiments, sympathetic. influence cannot be excluded. ue 
^ There is evidence in the vessels of the cord, too, of altered sympa- ^. 
thetie action; in the dilatation, hemorrhages with sclerosis, and in. 
the hyaline thrombosis—all pointing to stasis. As to whether this 

_ stasis is due to toxic action upon the prevertebral chain or is caused by 
the direct action upon the cord vessels of a toxin in the general cir- 
Ae culation, it is difficult to say. This latter suggestion seems improbable, ao 
ds as s judging from the relative integrity c of the nerve-cells and the e minimal. 































the | sur amc air tissues. " Bvidenes at this is m the qeolfécaton * 
of the perivascular neuroglia. It is conceivable, however, that with. 
ee à pei nmana g I ot. ‚the. vessel wall bec: slowing of mo Blood: 
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We have shown that certain cases of acute meningo-myelitis fall 
into the lymphogenous category, and there is now a preponderance of 
evidence to show that acute poliomyelitis must also be included in this 
group. The whole picture of this disease is one of a disseminated 
meningo-myelitis, and as the brain may be affected in adults especially, 
the more comprehensive term of disseminated meningo-myelo-encephalitis 
has been suggested by Wickmann [43]. There are many facts which 
show that infantile paralvsis cannot be a blood infection, and indis- 





Fic, 25.— Venule from the cortex of a case of general paralysis of the insane, Note the 
high degree of adventitial proliferation ; the intima is normal. 


putable evidence in favour of the lymphogenous genesis. This latter view 
is upheld on clinical and experimental grounds by both Wickmann [43] 
and Rómer [37], and with them we. agree. The localization and 
morphology of the lesions and the continuity of extension are character- 
sistic of lymphogenous infections, a continuity which varies naturally, 
and attains its maximum in the acute ascending paralysis of Landry. 
There is one important feature in connexion with the question of 
lymphogenous propagation and extension to which Homén [13] has 
drawn attention—viz., that the posterior root ganglia act as traps or 
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filters, and form a kind of barrier against the further centripetal passage 
of'organisms. This observation, although difficult to explain at present, 
would seem to be of special significance, as in all our experiments 
dealing with lymphogenous infection we have found a large collection 
of reaction cells and hemorrhage at the proximal pole of the ganglion. 
It may be that this special reaction indicates the existence of some 
defence mechanism’ against the further central extension of toxi- ' 
infection, and that an additional factor is introduced by & local ana- 
tomical structure. It is of interest to note in this connexion that an 
analogous though more intense lesion is found in the ganglion in herpes 
zoster, and we would suggest that this disease also falls into the lympho- 
genous group, for we have observed the typical clinical appearances and 
pathological lesions of zoster to follow an empyema accompanied by 
ascending inflammation of the intercostal nerves. It is not improbable, 
therefore, that Homén [13] is quite correct in calling the root ganglion 
a trap for noxious agents ascending in the lymph-stream of nerves; and 
if we accept that it is a defence mechanism, and herpes zoster an 
expression of arrested ascending. lymphogenous infection, then the 
suggestion might be put forward that the exciting agent which is not 
trapped passes onwards to the spinal cord and causes meningo-myelitis 
in some form or other. | 

A consideration of the phenomena in the subacute non-systemic 
lesions of the cord such as occur with or without anssmia, Addison’s 
disease, cancer cachexia, &c., shows that they must be included in the 
hematogenous category. ‘There is an entire absence of the prolifera- 
tive change in the adventitia of the veins and capillaries which 
characterizes the lymphogenous iniections. The root entry zones in 
the posterior columns are, except perhaps in the latest stages of the 
affection, quite sound, while there is a marked sclerosis around the 
postero-median septum. The nerve-cells in the grey matter maintain 
their integrity. The morbid picture is degenerative, not inflammatory ; 
in type and in the zones affected it corresponds with what is found in 
experimental hematogenous intoxication. 


In describing the lesions produced in our experiments we have 
indicated that the cellular elements present in the inflammatory 
reactions have, under varying conditions, exhibited markedly different 
characteristics. On the other hand we have found that where the 
conditions have been as nearly identical as possible similar appearances 
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" have been produced. If the extremes in the series—the swollen nuclei 
and the plasma-cells in the walls of the veins and capillaries in the 
sub-acute cases, and the accumulations of cells indicative of an acute 
lesion or of destruction of nerve tissues in the other cases—had alone 
been considered; we might have been led to describe these conditions 

as distinct classes or varieties of reaction; but, seeing that it has been 
' possible to observe a'series of intermediate stages, extending from one 
extreme to the other, such a division was evidently -not justifiable. 
Hitherto such an arbitrary separation has been attempted under the 
terms hsmorrhagic, interstitial, and parenchymatous inflammation. 
Possibly from the point of view of the clinician this division was of use, 
and especially so seeing that the pathology of inflammatory processes 
in the nervous system was not established on a scientific basis. But 
since the pathology of these conditions and the mechanism of their 
production have been more thoroughly investigated such a classification 
can no longer be admitted. Still, although so much: work has been 
‘ done and many valuable data have been collected, the results have been 
somewhat contradictory and a certain amount of confusion exists even 
now. It has been shown, however, by the investigations -into the 
characters, the origin, and the significance of the various types of cells, 
that inflammatory processes in the nervous system must be con- 
sidered as a whole; and only by considering the etiology and the 
mechanism of production of these processes together with the results 
revealed by the microscope will it be possible to explain the various 
morbid conditions. 

The experiments which we, have carried out may be divided into 
two classes, viz., firstly, those in which there was no escape of organisms 
from the capsule and in which, therefore, the results must. be regarded 
as the effect of the action of a toxin on the tissues; and secondly, those 
in which the capsule had leaked or in some cases burst and there’ 
followed a growth of organisms outside which produced a much more : 
intense reaction. But although we have divided the experiments into 
these two classes we hope to show that the differences in the u 
are more a matter of degree than of kind. 

In the series in which there had been no escape of organisms io 
the capsules, the chief type.of reaction cell present was the plasma-cell. 
Attention has been directed to the characters and origin of these cells 
since the appearance of Unna’s work on their existence in granulation 
tumours of the skin and more especially since the work of Marschalkó : 
[20] in 1895. Unna [41]-based his definition of these cells on their 
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staining properties, Marschalkó [20] relied on their morphological 
characters. But while the description of Marschalkó for the fully 
developed cells is still retained it has become recognized that their form 
and staining capacity may vary considerably under different conditions. 
Nissl [24], referring to the early stages of the overgrowth of the tissues 
of the walls of the vessels, said that ' quite small forms of plasma-cells 
may be seen with a small cell body which stains much more deeply 
than is usual in these cells." Degenerative phases also have been 
described. In this phase they sometimes resemble reticulate cells 
(Unna [41]), or they. may be vacuolated, or they may show solution 
(Herbert) or hyaline degeneration of their protoplasm (Joannovics [16]); 
some authorities have seem them loaded with pigment. The recognition 
of these forms is important and materially assists in the task of deter- 
mining the origin of these cells and their relation to the cells amongst 
which they are found. 

The question of the origin of plasma-cells has given rise to endless 
discussion. Unna [41] considered that they were derived from con- 
nective tissue cells; Marschalkó |20], on the other hand, traced them 
from the lymphocytes of the blood, and chiefly from the veins. This 
view was held for a long time and has been strongly supported by Nissl 


i [24]. Nissl has stated that he is firmly convinced that plasma-cells 


are exclusively of hematogenous: origin, and that all the stages between 
the lymphocyte within the blood-vessels and the plasma-cells in the 
sheath of the vessels can be traced. But when speaking of their 
appearance in granulation tissue he admitted that intermediate forms 
between Unna’s plasma-cells and connective tissue cells, and also between 
Unna’s plasma-cells and lymphocyte-like elements, existed. ‘In another 
paragraph he stated that Marschalkó had observed cells with mor- 
phological characters similar to those of his plasma-cells in inflam- 
matory granulation tumours and that they were sharply distinguished 
from lymphocytes and other cells with basophile bodies; but he added, 
“the typical Marschalkó plasma-cell is not so absolutely distinctive 
that it can under all conditions be separated from the lymphocyte-like 
elements and connective tissue cells with basophile cell-body, and, 
fürther, intermediate stages occur between those forms of cells." 
Observations similar to these have led many investigators to speak of 
two varieties of plasma-cells: those of Unna—histogenous—and those 
of Marschalkö—hematogenous. Joannovics [16], in a paper published 
some years ago, said that plasma-cells, besides finding their origin from 
lymphocytes of the blood, could be derived also from the cells of 
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. connective tissue under certain conditions. In a more recent paper he 

recognized a histogenous origin only and brought forward, amongst 
other evidence, the following reasons against the hematogenous theory : 
(D Inflammatory tissues are invaded by leucocytes, but there is no. 
increase of intravascular lymphocytes. (2) Schridde and he claim to 
have followed plasma-cells from the tissues into the blood-stream during 
digestion. (3) The presence of plasma-cells in normal tissues, when no 
relationship to lymphocytes can be traced, makes it difficult to admit 
their origin from the blood elements. Marchand also considered that 
certain adventitial cells possess the capacity of forming elements having 
the characters of lymphocytes and large mononuclear leucocytes, and he 
applied the term ‘‘lymphocytoid ” to the cells formed outside the blood- 
stream; amongst them he included plasma-cells. ‘The separation of 
the tissue lymphocytes from the hematogenous lymphocytes has been 
strongly supported by Pappenheim, who held the former to be the 
mother-cells of the plasma-cells. These tissue lymphocytes are now 
regarded as histogenous elements which have sprung from sessile peri- 
vascular cells, normal constituents in the walls of the vessels, under the 
influence of physiological and pathological stimuli, and from these tissue 
lymphocytes the plasma-cells are developed. Schmauss [38] also has 
spoken of the usually sessile elements of the vessels becoming wandering 
cells under suitable stimulation. 

In our experiments the toxin derived from the capsule containing 
the organisms produced a reaction in the various tissues along the path 
by which it advanced towards the central nervous system. In the 
cases in which the capsule had not burst and there was no growth of 
organisms in the tissues, this reaction was most marked in the adventitial - 
sheath of the veins and capillaries: the cells of this sheath were under- 
going & very active proliferation and, as a result, collections of cells 
of various forms appeared. Most of the cells had a rounded shape; 
the nucleus was round or oval; it stained deeply and uniformly in some 
and in others the chromatin was arranged around the nuclear membrane. 
The quantity and the disposition of the protoplasm varied also. In 
some cases there was no protoplasm to be seen; in others a very thin 
layer surrounded the nucleus; in .some, again, the protoplasm was 
separated‘ from the nucleus by a clear. space. Another phase was 
indicated in cells whose nucleus had become excentric with a clear 
space on its central side bounded peripherally by a layer of vaguely 
granular protoplasm. This series of cells demonstrates the intermediate 
stages in the development of the typical plasma-cell from the rounded 
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elements occurring amongst the proliferated cells of the adventitial 
sheath. In some areas the endothelial cells of the small veins and of 
the capillaries were swollen and irregular in shape; they projected into 
the lumen and, in some instances, were detached and lay free in it. 
In connexion with this it is interesting to point out that Beattie [5] 
has described a swelling of the intimal cells and their complete detach- ' 
ment from the walls of the vessels in omental inflammation. Adami 
[1] also has said that “the evidence accumulating of late years 
appears to point in one‘ direction, namely, that the mononuclear cells 
seen within the vessels during the process of inflammation are of 
endothelial origin." Occasionally, in our experiments we have found 
many of these cells in veins partially thrombosed, but at the same time 
there was no special collection of them in,the adventitial sheaths and 
they were not seen passing through the walls of the vessels. That 
thrombi can be formed in the vessels during the early stages of similar 
inflammatory processes has been demonstrated by Righetti [86] after 
injection of diphtheria toxin into the sub-dural space. It will be 
necessary, therefore, to bear these conditions in mind when discussing 
the origin of plasma-cells from mononucleated cells within the vessels. 
In the small veins and capillaries further from the source of the irritant, 
‘for example, in those situated near the central canal of the spinal cord, 
the sole reaction present was a slight swelling of the nuclei and an 
increased staining capacity of the cells of the intima. 

But, besides the cells of the adventitial sheath, those of other tissues 
were reacting, especially at the level of the seat of the capsule, The 
cells of the epi- and perineurium in Series I, and of the dura mater 
and of the areolar tissue outside it in Series IT, were proliferating, and 
in the collections of cells thus produced definite plasma-cells and also 
examples of the intermediate forms referred to were numerous. The 
nuclei and cell-body of these plasma-cells in the dense tissues were 
narrow and elongated, and the latter stained deeply with the toluidin 
and pyronin-methyl-green methods; the intermediate forms were 
shown by the nuclei becoming more rounded and by a halo appearing 
on one side of it. In the loose areolar tissue various forms from the 
small round nucleus to the typical plasma-cell lay along the trabecule. 

The evidence derived from these experiments, therefore, suggests 
that plasma-cells may spring from the cells of the connective tissues as 
well as from the adventitial sheath of the vessels. Catdla [8] has 
found plasma-cells in the liver in cases of general paralysis, not around 
the vessels but amongst the cells of the perilobular connective tissue 
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and around the biliary canals—in fact, in regions where the'connective 
tissue was proliferating. The fusiform cells of this tissue were described 
as being strongly basophile: their protoplasm increased gradually in 
quantity and they assumed the morphological characters of plasma-cells, 
A similar appearance of these cells derived from connective tissue has 
been demonstrated by Pappadia [33] in the wall of a cysticercus cyst 
in the bram. Here, also, the fusiform fibroblasts swelled.up and 
exhibited a basophile protoplasm ; they gradually became polygonal and 
rounded in the outer layers of the cyst wall and acquired the characters 
of typical plagma-cells. 

The conditions found by these investigators led them to suggest that 
` these cells may spring from the cells of the connective tissues; the 
results of our experiments and the examination of tissues taken from 
clinical cases, e.g., the fibrous sheath of a lymphatic gland invaded by 
a metastatic growth from a malignant tumour of the lower jaw, have 
demonstrated that in certain instances such an origin must be admitted. 
At the same time there can be no doubt that in ‘our experiments the 
great majority of the plasma-cells sprang from the pres cells of 
ihe adventitial sheath. 

In the experiments in which the capsules had basso and the 
organisms had grown amongst the tissues another type of cell, corres-- 
ponding to the polyblast of Wickmann, was the most prominent feature 
in the sections examined. In his cases of acute poliomyelitis, Wickmann 
[43] found the walls of the vessels occupied by large cells with a 
rounded or oval nucleus, often indented on one side; the cell-body 
was sometimes clear, but in many instances it contained a few deeply 
stained masses irregularly distributed. Frequently, the nucleus was 
so much indented and its form was so irregular, that it resembled that 
of a polymorphonuclear leucocyte ; the chromatin was collected, into 
a few small granules united by & reticulum. By many observers 
these cells have been regarded as polymorphonuclear leucocytes, but 
Wickmann [43] maintains that this view is not correct. Most-of the 
infiltration into the pia mater is undoubtedly of lymphocytic origin, i.e., 
the cells have sprung from the wandering lymphocytes of the adventitial 
sheath of the vessels, and Wickmann argued that a similar derivation 
must be adinitted for the cells found in the spinal cord: He recognized 
many intermediate forms between these cells and the lymphocytes. 
The following arguments were adduced against the leucocytes being 
the progenitors of the polyblasts. It was admitted that the nucleus 
of the polyblast might be so much lobed as to resemble the nucleus of 
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the polymorphonuclear leucocyte, but it possesses granules of chromatin 
united by a reticulum which is not seen in the leucocyte; and in 
tissues fixed in alcohol the cell-body of the polyblast is stained by the 
pyronin-methyl-green method, while that of the leucocyte is not; and 
by other suitable staining neutrophile granules can be demonstrated 
in the leucocyte which are absent from the body of the polyblast. 
Wickmann [43] concluded that, in his cases, the polyblasts sprang from 
the wandering lymphocyte and that the hematogenous leucocyte did 
not participate in their formation. He admitted that some of the small 
neuroglia cells offered appearances difficult to distinguish from the 
polyblasts, but the facts that these cells were found in the pia mater 
where there are no neuroglial elements, and in the sheaths of the 
vessels where they were obviously derived from the adventitial cells, 
are against such an origin. Moreover, in our cases, although a 
consideration of the small neuroglia cells might leave one in doubt, 
yet observation of the whole reaction of the neuroglial elements made 
it certain that the polyblasts did not owe their origin to them. 

In our experiments the polyblast type of cell was seen best in the 
reaction in the pia mater and in the walls of the vessels passing from 
it into the spinal cord, in those cases in which the capsules had burst 
and the organisms could be followed along the intercostal nerves to the 
dura mater. In this region, where it was obvious that the potency and 
quantity of the irritant was much greater, all the cells of the pia mater 
and the endothelial and adventitial elements of the vessels were actively 
proliferating and the cells arising from this reaction were of the poly- 
blast type. But at the site of the capsule which had not leaked some 
similar cells with pale nuclei, oval in shape, regular in outline, or 
indented on one side, were present amongst a far greater number of 
round, darkly stained nuclei and plasma-cells. This was the area of 
greatest intensity of reaction in this series, but it was not so acute as in 
the series with the burst capsules. It was easier, therefore, to follow 
the intermediate stages between the cells of the connective tissues and 
those of the walls of the vessels and the polyblasts. The polyblast, as 
well as the plasma-cell, is therefore of histogenous and not of hmmato- 
genous origin. 

But besides the polyblasts in the areas of acute reaction there 
appeared around the capsule bands of fibroblasts, fusiform cells with an 
elongated, pale nucleus and a greatly increased quantity of basophile 
protoplasm which did not generally surround the nucleus but was 
collected at the poles. In some cells, however, the protoplasm encircled 
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the nucleus, and ın others this was placed excentrically. Intermediate 
forms between the elongated fusiform cells and the rounded cells were 
evident. These bands of cells in parallel rows were present in all the 
experiments, but in much greater numbers when the capsule had burst. 

With regard to the compound granular corpuscles, Gitterzellen 
(Nissl [24]), Körnchenzellen (Friedmann [11]), Abraumzellen (Merz- 
bacher), & similar divergence of opinion has existed. Friedmann [11] 
divided these cells into two groups, granulo-adipose cells and epithelioid 
cells. The former he derived from white blood corpuscles and the latter 
from neuroglia chiefly, but also from adventitial cells. Schmaus [88] 
has admitted a double origin in foci of softening—in the early stages 
from polymorphonuclear leucocytes; later another type of cell, corres- 
ponding to the epithelioid cells, appeared. Of the origin of this 
type he was uncertain, but he thought they sprang from adventitial 
and endothelial cells. Merzbacher has called these cells Abraumzellen, 
indicating their function thereby; he traced them from adventitial 
cells and from the neuroglia. Nissl [24] has stated that not all 
the cells which contained fat were compound granular cells and he 
limited the term to those which acted as phagocytes; these he traced 
from the adventitial and endothelial cells. Schroeder found these cells 
in a focus in which there was some destruction of nerve-fibres but no 
proliferation of the elements of the vessel walls, and he concluded they 
were derived from the neuroglia cells. Bonfiglio [6], from his experi- 
ments, decided they had a dual origin, from the cells of the vessel walls 
and from the neuroglia. 

It will be remembered that in the lateral columns of the spinal cord 
when the growth of organisms had spread along the intercostal nerves 
to the-dura mater, a considerable collection of cells had appeared which 
offered some definite peculiarities of structure. The nucleus was deeply 
stained and often situated at the side of the cell; but the chief pecu- 
arity lay in the formation of a reticulum in the cell-body (fig. 20). 
In many cells the spaces of this reticulum were unoccupied and gave 
the appearance of vacuoles, but in others they were filled by a material 
which was faintly stained. Cells with a reticulum in the cell-body 
occurred also in the epidural tissue—i.e., in the region of the most 
intense reaction—in the cases in which the capsules had not burst. 
Here they were mixed with a large number of polyblasts and plasma- 
cells, in their adult and intermediate stages, and with a form of cell 
which has been spoken of by Friedmann [11] as the epithelioid cell. 
In these situations the appearances suggest that these reticular com- 
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pound granular cells have sprung from the proliferated elements of the 
adventitial sheath of the vessels and of the connective tissue cells of 
the epidural sheath. But in the most recent series of experiments, in 
which the capsules had been placed in the peritoneal cavity and in 
"which nutritive changes had occurred in the spinal cord, similar cells 
were met with in close relation with nerve-fibres undergoing degene- 
rative changes. In these cases there was no reaction of the cells of 
the adventitial sheath, and it was evident the compound granular cor- 
puscles present were derived from the neuroglia cells. 

An examination of the results of many investigations regarding the 
origin of the types of cells referred to in this paper, and of the pheno- 
mena observed in the experiments in which we have induced inflamma- 
tory processes of varying degrees in the nervous system, provides con- 
clusive evidence that the cells of reaction against an irritant are derived 
from the cells of the tissues with which the irritant comes into contact ; 
in other words, all these varieties of cells—-plasma-cells, polyblasts, 
fibroblasts, epithelioid cells, and Körnchenzellen—are of histogenous 
and not of hematogenous origin. 

The fact that all these forms of cells of reaction have been traced 
from a common source suggests that there must be some principle 
underlying these processes which, if discovered, would prove that they 
are not so independent of each other as they have often been assumed 
to be, and would clear away much of the confusion at present obscuring 
the question. One of the chief difficulties has been the insistence on the 
use of the word “typical.” We constantly see reference made to the 
“ typical ” plasma-cell, to the “typical” polyblast, or to the “typical” 
Kórnchenzell and by many the cell which was not & “typical” cell of 
some sort has been left out of consideration. Bonfiglio [6] criticized: 
the statement of Nissl [24] that too much importance was not to be 
attached to the presence of intermediate forms. Such a statement 
might be accepted when dealing with isolated cells, or with cells in 
small numbers, but when the intermediate forms exist in large numbers 
they should not be ignored. Another difficulty has been that the 
investigations have not been carried out on sufficiently broad lines; 
that which has been simply one stage in a complex inflammatory 
process has been examined without due attention being given to the 
conditions under which the process arose and to the earlier stages 
through which it may have passed. Hints of the necessity of looking 
beyond the mere type of cell have been made by several observers; for 
instance, Wickmann [43] has suggested that the nature of the infiltrating 
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cells depends on the irritating agent and not on the localization ; 
and Bonfiglio |6| expressed, the opinion that in different pathological 
conditions these elements may have a varying origin. There can be no 
doubt that in order to understand the significance of & reaction occurring 
Jin the nervous system it is necessary to’ consider the cause of the 
inflammatory process, its intensity and the length of time it has acted, 
together with the morphological form of the cells infiltrating the tissues. 

A more comprehensive communication on this subject has been 
published by Friedmann [11], in which he has given the results of his 
investigations regarding the reactions which accompanied different 
degrees of irritation in the nervous system. He started with a simple 
form of morbid change, viz., hyperemia, and found that the vessels 
and the lymph spaces in their sheaths were dilated, and that regressive 
changes had occurred in the elements forming the vessel walls. When 
& hemorrhage had taken place amongst the nerve tissues, a definite 
reaction followed. The blood soon disappeared, chiefly in the lymph 
spaces of the vessels in the neighbourhood, and at the edge’of the area 
containing the hemorrhage a cyst wall had formed, consisting largely 
in dense connective tissue fibrils, vessels and cells. Outside this, in the 
tissues limiting the softened area there was a looser cicatricial tissue 
infiltrated by a large number of Körnchenzellen. In cases of thrombosis 
or embolism there followed a complete anssmia and an intense cedema 
in the centre of the focus. In a short time this centre was occupied 
by the detritus of broken-down nerve-cells and fibres, and in this were 
many Kérnchenzellen. Experiment proved that these cells appeared 
on the second day and that their numbers increased during the follow- 
ing days. ‘Then later the fibrous organization and sclerosis character- 
istic of encephalomalacia followed. These were the constant denos 
after simple destruetion of nerve tissues by vascular lesions. 

Then in his experimental work he showed that slight aseptic wounds 
of the brain produced a central necrosis immediately surrounded by 
& necrobiotic area containing many Körnchenzellen and a peripheral 
zone with round cells, new vessels, and a proliferation of the fixed 
tissue elements, leading to a sclerosis. With a more intense irritation, 
such as the application of corroding agents to the brain, the process was 
more active. At once, around the necrosed, corroded area, there was 
a condition of irritation of the vessels with hyperemia, extravasation 
of blood and emigration of round cells. By the third or fourth day 
the neuroglia cells were swollen and Kérnchenzellen were present; and 
from the fifth day a breaking down of the nerve tissues was observed 
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and also large collections of epithelioid cells and Kórnchenzellen. The 
vessels were thickened by proliferation of the endothelial cells, new 
vessels were formed, and organization followed. Here again. there was 
a destruction of nerve tissues, but the cause had acted also as an irritant 
to the mesodermal tissues. 

In still more acute cases, the result of a meningitis or an invasion 
by the influenza bacillus, the hypersmia, with or without a softening, 
was followed by an active proliferation of the fixed tissue elements. 
From this proliferation there appeared Kórnchenzellen and other large, 
round cells, the epithelioid cells. These last were often not limited to 
the sheaths of the vessels but infiltrated the tissues, without, however, 
any real softening being present. Much new vessel formation occurred. 
The termination of the acute process was either a primary organization 
and cicatrix—and this was the result in the corroding experiments—or, 
as happened in the encephalitic cases, the young cells formed a proto- 
plasmic network whose meshes were occupied by round cells, and then 
later this contracted and formed a cicatrix. In other areas there waa 
a large collection of fibroblasts, or, where a central necrosis had occurred, 
the usual cyst wall was found. In cases of abscess in the central 
nervous system there was a migration of leucocytes in the first few 
hours and the neuroglia cells were swollen. On the third day the nerve 
tissues were breaking down and Körnchenzellen were as numerous as 
the leucocytes. By the tenth day the area of infection was surrouhded 
by a membrane consisting in (1) a layer with-round cells, new blood- 
vessels, Kórnchenzellen and disintegrating nerve tissue; (2) a layer with 
many vessels and fibroblasts forming a granulation tissue; (3) a layer 
in which the nerve tissues, although injured, were still preserved; the 
walls of the vessels -were infiltrated, and the neuroglia cells were 
reacting. Friedmann [11] from this work arrived at the following 
conclusions :— 

(1) All the different forms of reaction can be produced by the same 
agent or by any sufficiently strong stimulus, whether it be that which 
causes a meningitis or whether it be an embolism, an aseptic wound, 
‚aD exogenous corroding agent or excessive heat. 

(2) The whole complex series of changes from the small round cell 
infiltration, the intense inflammatory reaction with the giant cells and 
large cell proliferation, to the softening with “ Kórnchenzellen," may 
be present in one and the same case. 

(3) The more intense inflammations progress by steps, and these 
steps correspond to those pictures of the morbid process which we have 
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been accustomed to regard as separate forms of encephalitis, hemor- 
rhagic, parenchymatous or hyperplastic. 

This work is of the greatest importance in that it shows that although 
the inflammatory process under different conditions is exceedingly com- 
plex, there are certain principles underlying it which enable us to 
recognize in it different degrees of one process rather than several 
independent series of reactions. It demonstrates that not the particular 
kind of cause, but its intensity and the length of time it acts on the 
tissues, are the essential factors in determining the results. The initial 
stage may be a gross destruction of nerve tissue, and this will be followed 
by a reaction whose function it is to remove the debris, as in a case of 
hemorrhage, thrombosis, or embolism; or it may combine a condition 
of irritation of the mesodermal tissues simultaneously with that of 
destruction, as in the action of corroding agents; or it may exhibit at 
first the phenomena of irritation induced by bacilli or their toxins, and . 
the destruction of the nerve tissues will occur later. And, as Friedmann 
[11] has shown, the character of the reaction will change from day to 
day in the course of the process, especially when the irritation is the first 
result and the destruction follows. l 

Now, although the initial stages may vary sọ much, the final stage, 
following the destruction of the nerve tissues, presents fairly uniform 
characters; but here also the question of degree again arises. The 
necessity of separating these final from the earlier stages has been 
pointed out by Schmaus [38]. He admitted. the continuity of the 
stages in the inflammatory processes occurring in the nervous system, 
but indicated that not all are the direct result of the action of the 
irritant. In some acute processes, where the irritant acts for a short 
time only, a slight parenchymatous degeneration is produced and the 
products of this degeneration may be disposed of by a reaction of the 
neuroglia without any infiltration of the tissues. But, if the breaking 
down of the tissues.is more extensive, it is found’ that the reaction is 
more complicated. Besides the neuroglial overgrowth there is a large. 
collection of phagocytic wandering cells. Again, the inflammatory pro- 
cess may be so acute that if affects not only the nerve-cells and fibres, 
but leads to a softening of all the tissues in the area attacked. This, at 
first sight, offers a very different picture to that which characterizes an 
ordinary simple softening. It is generally considered that a simple soften- 
ing is distinguished by the presence of detritus and Körnchenzellen ; but 
if the area of softening produced by an embolism be examined within & 
few hours of the blockage of the vessel, it will be found that there is 
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a, swelling of the tissues, and the process goes on to the breaking down 
of the various elements; it is a liquefactive process, but it is also inflam- 
matory, because it is accompanied by an emigration of leucocytes; only 
later do the larger phagocytic elements appear. In what 1s called an 
inflammatory softening the tissues become infiltrated with leucocytes, 
then break down, i.e., liquefy, and there remains a collection of 
degenerated tissue to be removed. Now the removal of this débris is 
accomplished by cells similar to those which act as phagocytes in the 
case of a simple softening, viz., by Kórnchenzellen. But these cells are 
not the direct product of the action of the disease-producing agent, they 
are called forth by the presence of the débris of the tissue destroyed by 
the noxious agent. The Kérnchenzellen are the type of cell which 
removes the products of degeneration, and they are recognized as the 
phagocytes of the central nervous system. Therefore, whatever may 
be the cause, the characters of the softening are fairly uniform, and are 
to be distinguished from those of the primary reaction which is the 
direct result of the action of the irritating agent. Schmaus [38] recog- 
nized, however, that there is no line of demarcation to be drawn between 
the two; the elements of the secondary process are intimately mixed 
with those of the primary reaction. Theoretically, the phases of absorp- 
tion and organization ‘may be sharply separated from the primary 
reaction, which includes the circulatory, regressive and progressive 
changes described by Schmaus [38] and others, but practically it is 
found that the elements capable of removing the débris are present at 
the same time as those of the primary reaction. Schmaus [38] stated 
that the separation offers least difficulty in the case of ischemic: degenera- 
tion of the nerve tissues following ligature of the aorta, but it is not 
possible in more chronic conditions. In the simultaneous degeneration 
of the parenchyma, the infiltration with wandering cells, and the over- 
growth of the neuroglia, we see a temporary phase of a process which 
can end in sclerosis, but which during its course will present all the 
stages of inflammation. Besides, in toxi-infective myelitis the degenera- 
tion of the parenchyma may be the result of the action of the disease- 
producing agent, which is responsible also for the vessel changes, the 
exudation, the infiltration, and neuroglial overgrowth; or the infiltra- 
tion and neuroglial overgrowth may be called forth by the presence of 
degenerated nerve tissues. Further, the thrombosis and embolism with 
the accompanying lymph stasis may be the direct result of the inflam- 
matory irritant. In all these cases the different causes and signs of 
reaction will be so interwoven that it will be impossible to separate 
them sharply into primary and secondary processes. 
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With regard to the primary reaction, although its characters change 
from day to day and therefore the duration of the action of the irritant 
must be considered in judging of the appearances met with, yet it will 
be found that the type of the reaction will depend on the intensity and , 
quantity of the noxious agent. We have referred already to the 
statement of Schmaus [38], that a slight amount of parenchymatous 
degeneration is followed by a simple reaction of the neuroglia cells ; 
that in the early stages of a softening caused by an embolus there is a 
swelling of the tissues and a small emigration of. leucocytes; and that 
with an acute inflammatory softening the tissues become infiltrated 
with leucocytes and there is an early reaction of the mesodermal tissues. 
The work of Nissl [24] also demonstrates the variation of the type of 
cells in reactions following different degrees of irritation. The injection 
of Indian ink into the subdural space led to the appearance of plasma- 
cells in the adventitial sheath of the vessels; after producing a localized 
necrosis of the brain by freezing he found an immense overgrowth of 
the cells of the intima and of the adventitial sheath of the vessels with 
the formation of fibroblasts; few plasma-cells were seen in the area of 
intense reaction, though they were: numerous in the sheaths of the 
vessels in the surrounding tissues. Again, painting the meninges with 
chromic acid produced necrosis of the subjacent structures associated 
with the appearance of polymorphonuclear leucocytes in the focus of 
injury ; this was encircled by a collection of fibroblasts, and very few 
plasma-cells were present except in the zone of tissue limiting the 
necrosed area. Here we see not only that slight irritations led to 
the development of plasma-cells, but also that with intense irritation, 
although the centre of reaction was occupied by leucocytes and fibro- 
blasts, yet outside these where the irritation was less the plasma-cell 
was again the type of cell present. 

Other observers have obtained similar results. Marschalké [20] 
introduced small portions of sponge infected with cultures of gonococcus 
and weak tubercle bacilli into the peritoneal cavity and found later that 
there were no plasma-cells in the substance of the sponge, but many in 
the enclosing tissues. Reiz saw them in the brains of rabbits after 
introducing bits of elder pulp—in fact, the conditions produced by this 
method resembled those occurring in experimental tuberculosis of the 
brain. Joannovics [16] expressed his agreement with Marschalkó [20] 
that these cells are absent in the acute stages of inflammatory processes, 
but are present in subacute and chronic conditions df all organs: they 
, appear in the recovery stage of acute inflammations. They are of 


[i 


LYMPHOGENOUS INFEOTION OF THE CENTRAL NERVOUS SYSTEM 335 


especial interest in gonorrhoea, which has a tendency to subacute and 
chronic forms; in gonorrhoeal affections they are found in the sub- 
mucous tissues more than near the surface. They are a prominent 
feature in all infective granulomata; in trichinosis; in the limiting 
wall of carcinomata. They are not found in the normal brain, but are 
present in many ‘diseases of that organ, including lues cerebri, phos- 
phorus . poisoning, acute alcohol poisoning, status epilepticus and 
hydrophobia; they can, therefore, no longer be considered patho- 
gnomonic of general paralysis. 

Now if we turn to the results of our exper neat we find valuable 
support for the view that the character of the cellular reaction found in 
the nerves and in the spinal cord when the disease-producing agent 
approaches by the lymph-stream depends entirely on the potency of the 
irritant, and further, that many of the so-called varieties of cells have 
one and the same origin. When the capsule had not burst and the 
tissues were attacked by the toxin only, we found that the reaction 
‚produced was of the plasma-cell type, including under that term the 
" numerous intermediate forms which have been described earlier in this 
paper. But in the other series in which the capsule had burst and the 
organisms had grown amongst the tissues, there was &n altogether 
different picture. All the cells of the connective tissues and of the 
walls of the vessels exhibited an intense proliferation with the produc- 
tion of another predominating type of cell, the polyblast; there were 
also collections of Kórnchenzellen showing various stages of develop- 
ment. It will be remembered that in the subacute series there were 
some polyblasts in the reaction outside the dura mater, i.e., quite close 
to the capsule. It was at this point that the results of the two series 
of experiments might be said to have met. 

But seeing that in these two series of experiments a culture of the 
same organism was employed, and seeing also that the experiments 
were performed on members of the same species of animals, living under 
identical conditions, and that the animals lived about the same length 
of time after the operation, we consider that the difference in the 
reaction in the two series must be attributed to the difference in the 
intensity and quantity of the irritant. The reactions were produced in 
both instances by infected lymph which spread by the same path and 
therefore attacked the same cells. There can be no doubt that if the 
capsules in the second series of experiments had not burst the reaction 
would have been of the plasma-cell type, i.e., the type of cells character- 
istic of the subacute inflammations; but as the capsules had burst and 
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the organisms had grown amongst the tissues, the reaction was of the 
polyblast type, i.e., the type of the acute inflammations. Now these 
cells were the direct product of the action of the disease-producing 
agent and therefore the conditions corresponded to the primary inflam- 
mations of Schmaus. But we have shown already that there were 
small collections of Kórnchenzellen, and it is certain that if the animals 
had lived a little longer and the nerve elements had broken down under 
the influence of the more prolonged action of the irritant, the tissues 
would have been infiltrated by these cells and the conditions would have 
corresponded to the secondary inflammations of Schmaus. 

The distinction of the secondary from the primary reaction in the 
inflammatory process and the recognition that in the secondary reactions 
the Kérnchenzellen have appeared, not as a direct result of the action 
of the irritant but because of the presence of the degenerated tissues, is 
a very important step in the elucidation of this question. Not only can 
a definite stage be recognized by the presence of these cells, but what is 
even more worthy of notice is that we have in the statements of 
Friedmann [11] and Schmaus [88] evidence that this type of cell is 
always associated with a particular function, and that the morphological 
form they assume is due to the fact that they have imbibed a certain 
amount of degenerated material. But not all the cells which take up 
the degenerated material possess the form of a typical Körnchenzell. 
Friedmann [11], when speaking of the difficulty of distinguishing 
epithelioid cells from Kérnchenzellen, mentioned that the cytoplasm of 
the epithelioid cell may contain a relatively small amount of fat or of 
myelin ; usually, however, the cell-body is clear and exhibits a network 
in its protoplasm, or it may be homogeneous. Various forms and sizes 
of the nucleus and of the cell-body are met with; there may.be cells 
smaller than the typical Kórnchenzell, in whose cytoplasm a little fat or 
myelin may be found, and there may be larger cells in which division 
often occurs. In these the nucleus is large, amoeboid or irregular; or 
there may be several nuclei in one cell, and in that case the amount of 
protoplasm is relatively small and is distributed: irregularly. We are 
therefore forced to recognize many forms which are-not quite typical of 
the epithelioid cell or the Kérnchenzell. 

But it is not only in the removal of disintegrated tissue that the 
phagocytic action of the epithelioid cell is displayed. Homén [15] has 
shown that when micro-organisms have to be dealt with, polyblast and 
epithelioid cells predominate in the tissues. He demonstrated by experi- 
ment that injected tubercle bacilli are seen only occasionally in fibro- 
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blasts— and under that term he included adventitial cells — or in 
endothelial cells, and practically never in the neuroglia cells or their 
derivatives; on the other hand the polyblasts and epithelioid cells or 
epithelioid polyblasts were active phagocytes, and often contained several 
bacilli. Now this action in common exhibited by the two forms of 
cells demonstrates a close relationship between them. This has been 
recognized by Homén [15] and Wickmann [48], who consider that the 
epithelioid cells are derived from polyblasts. Fieandt [9] also has 
stated that epithelioid cells are polyblasts or are derived from them. In 
our acute series of experiments it was impossible to say where the 
polyblasts ended and the epithelioid cells began, and it must be 
remembered that in the acute conditions found in this series the nerve 
structures had been considerably affected by the irritant, so that products 
of degeneration were present as well as toxins. But polyblasts are cells 
' which are characteristic of the primary stage of acute inflammatory 
processes, and they have been shown to be phagocytes of micro- 
organisms, while epithelioid cells are phagocytes of micro-organisms, 
and also of disintegrated products of nerve tissues. Further, the origin 
of the three forms of cells, polyblasts, epithelioid cells and Kórnchenzellen 
has been traced from the cells of the connective tissues, and of the 
endothelial and adventitial layers of the walls of the vessels. ‘They are 
therefore so intimately related that their division into three distinct 
types of cells is purely artificial and arbitrary; they should rather be 
regarded as three morphological forms of the same cell appearing under 
different conditions. Now in this connexion it will be remembered 
that in the subacute series the plasma-cell was the predominating cell, 
and it also was the offspring of the above-mentioned tissues. The 
irritant in this series was just strong enough to call forth cells possessing 
the characteristics of plasma-cells in some areas, while in regions far 
from the source of the toxin the reaction consisted in a swelling of the 
nucleiin the adventitial sheath of the vessels, and in a slight increase 
of the amount of the protoplasm around them; this was evidently the 
-earliest stage of reaction. Outside the dura mater, near the seat of 
the capsule where the process in this series was most intense, we found 
' some polyblasts and epithelioid cells, many of them containing several 
nuclei. These were scattered amongst a large collection of plasma-cells, 
most of which still retained the characters of these cells, while others 
exhibited various degrees of change which might be considered as 
intermediate forms between plasma-cells and epithelioid cells. This 
result, which we have spoken of already as the meeting point of the two 
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series of experiments, will explain the statement of Nissl [24] that the 
epithelioid cells were derived from plasma-cells. 


The precise origin of the cells composing an inflammatory reaction 
is always a matter of great difficulty, and some points must remain 
obscure, but a consideration of the mechanism by which the inflamma- 
tion is produced should prove of very great assistance especially in the 
case of lymphogenous infections. In experimental lymphogenous 
infection of the spinal cord of:a subacute nature, in which all the 
inflammatory phenomena are extravascular and the path of the toxic 
lymph can be traced accurately, we find that besides the proliferation 
of the connective tissue in the meninges the only structures which react 
are the adventitial cells of the veins and capillaries and the neuroglia 
cells immediately in contact with. them. The adventitia takes an 
extremely important part in the production of the cells of reaction; this 
is not surprising, seeing that the cerebrospinal lymph flows directly 
into its spaces. Hence when a toxin gains the central nervous 
system by the lymph path the cells of the adventitial sheath are the 
part of the vessel to be first attacked; and should the irritant be weak 
or permeate the tissues slowly no other phenomena need occur for some 
time. In more acute conditions, however, not only is there a more 
intense reaction in the tissues already mentioned, but the endothelial 
cells join in the process; and with a still greater degree of potency of 
the infection, intravascular changes, such as hesmorrhage and thrombosis, 
complicate the picture. 

But besides the difference 4n intensity of ie reaction in its primary 
stage the forms of the cells of reaction also vary. Thus itis that in our 
experiments we fnd changes ranging from simple swelling of the nuclei, 
together with a slight increase of the protoplasm around them, to fully 
formed plasma-cells and polyblasts; and as the process advances these 
cells often become epithelioid or reticulate in type, and by the imbibition 
of the products of degeneration, assume the characters of the compound 
granular corpuscles, which are such a constant feature of the secondary 
phases of inflammation. The entire reaction, therefore, although it - 
presents several stages, must be recognized as one continuous process. 
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UNUSUAL TYPE OF HEREDITARY DISEASE OF THE 
NERVOUS SYSTEM (PELIZZEUS - MERZBACHER), 
APLASIA AXIALIS EXTRA-CORTICALIS CONGENITA. 


BY FREDERIOR E. BATTEN, M.D., AND DOUGLAS WILKINSON, M.D. 


INTRODUCTION. 


Tax disease about to be described is a familial and hereditary one, 
having its onset in the first three months of life, even if it is not actually 
congenital. It presents symptoms which in many respects are similar 
to those seen in cases of disseminated sclerosis, cerebellar disease, and 
in its later stages to Friedreich's disease. It is very slowly, if at all, 
progressive, affects chiefly males, and is transmitted by healthy females. 
In the family here described males only are affected. It corresponds to 
none of the commonly recognized types of familial affection, but the 
symptomatology so closely resembles that presented by the family 
recorded by Pelizeus and Merzbacher, that we believe the disease to 
be of the same nature, although no pathological examination has been 
made in'any member of the family here described. The cases pub- 
lished by Nolan also resemble these cases clinically, but no pathological 
examination has been made. 

When the children were first seen we were inclined to associate the 
condition with some congenital defect in the development of the cere- 
bellum, such as occurs in litters of cats and puppies, and have been 
‘recorded by Herringham, Andrewes, Risien Russell, and others, but 
after studying the pathological anatomy as put forward in Merzbacher’s 
excellent paper, we have come to the conclusion that our cases probably 
belong to that group. l 


CLINICAL AND FAMILIAL FEATURES. 


The family history is best studied from the following tree, js usual 
signs being used. The numbers below the affected individuals refer to 
the number of the case in the text. 

The family first came under notice when two boys, aged 4 and 2, 
were admitted into the Hospital for Sick Children, Great Ormond 
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Street, in November, 1913. The family history as obtained from their 
mother was as follows :— | 

W. J. W., father of Cases 8 and 4 and grandfather of Cases 1 and 2, 
` appears to have been normal. He married, had twelve children, and 
died of phthisis in 1905. As he was born in Yorkshire his wife does 
not know any of his family, but to the best of her knowledge they are 
all dead. Her family are all quite normal, and since the death of her 
firs& husband (W. J. W.) she has married again and has given birth to 
& normal son. 


WILSON- GULVIN. FAMILY, 1913. 
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DETAILS OF THE TWELVE CHILDREN. 


(1) William, died at the age of 4 months of convulsions. 

(2) John, lived to the age of 10; he could not sit up or talk 
properly, was subject to fits, and died of & brain abscess (?). 

(3) Annie, is the mother of Cases 1 and 2; she is quite normal, and 
appears to be of more than usual intelligence. 

(4) Margaret, is well and married; she has two boys and a girl who 
are quite normal. 

(5) George, died as a baby; he is thought to have been like the 
patients. 

(6) Frank (Case 3). 

(7) Lucy, is well, aged 19; she is not married. 

(8) Edward (Case 4). 

(9) Lily, died as an infant of pneumonia. 

(10) Florence, is well and unmarried. 

(11) Nellie, is well and unmarried. 

(12) Charles, died as an infant; nothing is known of his condition. 

ln addition to the above children there were three or four mis- 
carriages. 


HEREDITARY DISEASE OF THE NERVOUS SYSTEM 


CASES. 

Case l.—Henry G., aged 3 years 9 months. Was a full-time child, 
breast-fed for nine months. He never had any acute illness or fits. He is 
rather small for his age. He is generally a quiet child, but when he does cry 
he is extremely noisy and persistent. He does not appear to take much 
interest in anything, and cannot talk. The mother says that while he cannot 
say any words clearly except " Mum " and "Dad," yet he makes sounds 
which she can understand. He will take hold of a piece of paper with either 
hand, and in so doing shows a slow ataxic tremor of the whole arm. 

Eyes —There is a constant concomitant wheel nystagmus, which is not 
increased by looking in ariy direction. In this movement the pupils describe 
an ellipse with the long axis horizontal. There is no rotation of the eyes on 
their horizontal axes. The pupils are equal, regular in outline, central, react 
to light, and appear to react to accommodation. Vision seems good, and the 
fundi appear normal. 
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Fic. 2 shows the appearance of one member of the second family. 


The boy restrains the movements of the hands by clasping them together and pressing 
them against the trunk. Note the normal appearance of the shape of the forehead. 


Motor.—While the child can. move all his limbs and also the head from 
side to side, he cannot sit up, nor can he support the head when sat up. 
When placed in the sitting position there is a slow nodding tremor of the 
head which falls forward on to the chest, and in this position the nystagmus 
becomes slightly more marked. There is some ataxia of the legs, but owing 
to their greater weakness it is not so marked as that in the arms. There is a 
slight degree of hypotonia in both legs and arms. 

Refleces.—The knee- and ankle-jerks are present. The plantar response is 
of an extensor type. The superficial abdominal reflexes cannot be obtained. 

There is no abnormality in the contour of the head or vertebral column. The 





















a loc sia frequent ned Die no a, On AS Bk of the: An 
aad arms there are several patches of lupus, and there is a daeby litis of the 
_ first phalanx of the little finger of the left hand, which is possibly tuberculous. =- 
At night the child frequently has profuse sweats. The boy gives r no indication 

of his desire to pass urine or fæces. : NE 
d Case 2.— William G., aged 2 years 1 month, was born at full time, and . . Vous 
| breast-fed for a year. Neither in this case nor in that of his elder p 
-- brother was labour difficult or tedious. -He has always been. "delicate," but 
: as never had any illness, convulsion, or fit. While he is a well grown child | : 
h s appear. to be less well developed than his arms. He is a restless and 
rritable child, often monne the bs from. side t to. Sion and crying g loudly a and 















dines rement he nes the same D tremor that $ is present 
ight general hypotonia. In ‘addition to the tremor the ¢ 

most athetoid, movements of the fingers before grasping a | 
zes. The knee-jerks are present, but no: ankle- jerks can Ek 
Ies are of. tho infantile extensor ia The 











oe oe e idi are Bee, for ee The Er 18 very y arched. E. wallo: 
ing 3 performed quite normally. The child nas to be fed. oes 












: le similarity. of. these two. cases is ver y striking ; : theirs ‘expression, 
attitude, reflexes, &c., are in almost every particular identical, and with- 
| the exception of the ldpus and a slight difference in size it would have | 
been difficult to distinguish between them. Both showed a slight ^. 
relative under-development of the lower part of the body, the legs. being UIN 
disproportionately small. 2 









- - Case 3,— Frank Wa aged 24, inmate of B—— Asylum, EN, of the : 
un thas been affected with the disease from which he suffers from: birth, 

and his condition i is now the same as it was s when he entered 1 thé asylum some | 

“years. ago. med bodas) aus 1 
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He is friendly, and appeared rather pleased to be examined, smiling. most 
of the time. While he understands what is said to him well enough to carry 
out simple orders—he picked up a penny from the counterpane, transferred it 
to the other hand, and finally handed it to the owner—he is obviously 
impaired mentally. He cannot feed himself owing to his tremor. 

Speech.—He is said never to talk spontaneously, but attempts to answer 
questions quite willingly. His articwlation is so imperfect that little of what 
he says can be understood by those unaccustomed to his speech. 





, Fic. 3. Fic, 4. 


Figs. 3 and 4 show the appearance of F., W., aged. 24. They show the well-developed 
arms, the wasted legs and the position of the feet. 


The constant movement and overaction is in part shown in fig. 3, by the position of the 
right arm, and in fig. 4 by the facial expression. 


Eyes.—The pupils are regular, react to light and accommodation. There 
is no strabismus, nor any apparent ocular muscle weakness. There is a 
constant concomitant, wheel nystagmus, which is unaltered by any movement 
of the eyes. "There is no rotation of the eyeballs in this nystagmus. Vision 
appears to be good and the fundus normal. 

Hearing is good. 



















mi do turn over in pua ke: "He ‘cannot iat or sii up in bed 2 
unas sted. -~ The legs a are kept constantly flexed at the knees and. hips, and | : 
there i isa considerable degree of adductor spasm. The feet are flattened with i 
C tendency to eversion of the soles and slight foot drop. Movement of the legs | 
- 1s very feeble. On performing any movement a slow, wavy tremor is at once 
apparent ; this is best seen on sitting up, when, in the effort to support himself, - 
. rotary and nodding movements.of the head become very marked. There is 
^: also a well-marked slow tremor of the arms on attempting any movement. A 
-tendency to hypotonia is shown by the fact that the feet can easily be flexed _ 
to less than a right angle, but on the other hand the arms are held. rather ur 
iffiy and there is a slight delay in relaxing the grip. zo d d 
* teflexes. —-The knee-jerks are present, the right more marked than ilio left. = 
There is bilateral ankle-clonus. The deep reflexes are easily elicited in the - 
s. The superficial abdominal reflexes are absent. The plantar response . 
nitely extensor on the right, indefinite on the left. Sphincter control is 
good, but at night there is occasionally incontinence, probably because | he jd 
t; i ttract the attention of an attendant. | EE 
De The | skull is well formed, except that the occiput is rather flat; “the: circum- ` 
ference i is. 20 in., ane en oe over the vertex is nearly 15 in. There Dn 






























Ca PE " werd W., io 17, brother of the last case ; inmate of 8- 
Na khouse ey He has been affected since birth, and so far as can 












d e more Vien. H e is said to S ehe Titers in the ber | 
members of the ward, and, to talk to them. When he heard us mention his. 
brother he said that Frank was like himself. He also carried out simple | 
| orders, picking up coins, &c. But he showed a very imperfect idea . of their 

elative. values, i in that when offered a penny or a ae he erred ihe. 2; 
















eech i is very imperfect, but hé: attempts oe sentences, and | ds more 
gasil understood than his brother. In speaking there is well- marked - over- d 
Ls sein of the facial muscles. One of his sentences was :— 

UE "When you eoomed in I weer go sleep." 

Eyes, —The pupils are equal; and react normally to. light and need CEN 
“tion. There is no strabismus, but a wheel nystagmus identical with that E 
| shown by the other three cases. Vision appears good, and the fundi are normal. ^ 
: “Heating i is normal. -The tongue appears normal, but there are jerky move- Ses 
- ments i in protruding it. Sensation is not impaired. — While he is fatter than... i 

Case 3, his muscular development in the arms is not nearly so good. He 
iot sit up “unassisted, or stand. at all. The legs are a flexed at the knees 
















































l There is ; foot-drop, jt 
F the anterior part of each. 
arms very thin (this dispr 








The legs : are qug pes in 1 proportion bo: t 
portionate thinness of the legs. is more marked in Frank). The tremor which 
is evoked by any effort is the exact counterpart of that seen. in Frank, bui 
slightly more marked. | , Head. nodding and rotation are also present, There 
is no hypotonia.in thie. ease. — 

Reflexes. — The. superficial abdominal tollis. àre absent, and the plantar E 
response is definitely extensor on both sides. The knee-jerks are both. 
exaggerated ; the testing of the left elicits a knee-elonus. The ankle-jerks are. 
present, and ankle-clonus ean be obtained. ‘He is occasionally incontinent a 
night, but otherwise. has good sphincter contr : | 

"There is some flattening of the occiput, but 
is normal. Circumference 20% in.; measureme 
the. vertex 14 in, | There i is no. spinal cur vature 








erwise the shape of the skul 
‘om meatus to meatus, ove 















cases is the similarity o 
le one another very closely 
patients show identica 
astral pei. Es ed brat 











On (of. the ssh striking. E in th. 
their. conditions. Edward and F rank rese 
indeed, as dads ais and William. Als 











family. Rh x we “describe. In his family th 
children and grandchildren : of one pair; t 
ees the time of the — AIL 
















e slow EN and pcs pce sis of e lower extremities. 

There was also mental impairment, but it was more apparent tha 
real. Sensation and control of the sphincters. were normal. 

‘The disease was present in earliest infancy, and was not progressive, 
the patients dying of some intercurrent disease between the ages of 
20 and 30. š : 

Merzbacher, in 1908, followed up thik family, and found twelve. 
instances of the disease, one of which -he was able to investigat 
pss dee and en in a further paper entitled i Eine A 
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familiär-hereditäre Erkrankungsform (Aplasia axialis extracorticalis 
congenita)," published in 1910. He gives a family tree and further 
details with regard to this family which is republished here. 

There are several discrepancies when compared with the tree 
originally published by Pelizeus, but the points that are brought out 
re: (1) that this disease has been observed in four generations; (2) 
that fourteen members of the family are known to be affected ; (3) that 
it is always transmitted by healthy females; and (4) that males are 
more likely to be affected than females; only two of the fourteen 
individuals affected were females. 


CONGENITAL FAMILIAL DISEASE, PELIZAEUS- MERZBACHER, 
APLASIA AXIALIS EXTRACORTICALIS CONGENITA 


® HETZER 


T. 


O & 
Male Female Normal Affected 


Fic. 5. 


The clinical characters of the affection are given as follows :— 

The disease begins in the first months of life; it makes rapid 
progress til the sixth year, then is more slowly progressive. When 
the disease is fully developed, it shows itself by nystagmus, slow speech, 
difficulty in the carrying out of motor impulses, disturbance of succes- 
sion and co-ordination of movements, ataxia, intention tremor, '' Mit- 
bewegungen," masque-like facial expression, paresis of the back, pelvic 













extremities inerease of the patella reflexes, Ba nsi response, des of "i 
abdominal reflexes, = | (X 
. The following | symptoms often : accompany the above : trophic: dis- 
“turbance of the. bones, vasomotor disturbance i the lower extremities, 
Joss of mental capacity. "The affected individuals may reach old age, 
and only die of some intercurrent disease. p 
The pathological condition was as follows :-— 
dos A normally convoluted brain, but small in all dimensions. The 
BU cerebellum, pons, and medulla appeared to be most affected in their 
size. E 











































In the midline of the cerebrum the atrophy, t the cor pus. callosum 
. and fornix: was most striking; 80 marked was this that on superficial 
inspection a ‘defect of the corpus callosum Y is suspected. Sections | 
‚through the brain showed that the smallness of the hemisphere was 
-due to marked atrophy of the white substane ne. Corpus callosum 
and fornix. were. present, but very mueh atrop d; the anterior com- 
1 missure \ was, on the other hand, well develope The grey Substance. 
. of the brain was of. normal appearance. $ 
j . In the section without further treatment o could observe isolated 
longish | spots. which lay in the white substance. These spots were. 
‚shown by the Weigert-Pal method to be due to the fragmentation of 
the sheath of the medullated nerves. Et i 
In the central white matter of the vario 
sphere and in some convolutions there were 
normal. fibre bundles remaining, and this gave ti 
f appearance. These. single remaining portion 
appear to be so disposed one to another thi 
: regarded | as a continuation of its neighbour ; 
. medullary substance was rendered for the ı 
aid of the islands. = "^ > | b 
Dg The most affected parts were | the corona. radiata and the corpus 
‘callosum, the great association systems were less affected. In the 
frontal, occipital, and temporal lobes and in the cerebellum the atrophy ... 

.. ofthe medullated fibres was most marked. Between the islands of the _ 
|... medullated fibres lay an unstained ground-substance. The collection of 
USO. axis cylinders corresponded to the dissemination, size and extent of these 
medullated islands, and they too have suffered an apparent interruption 
in their continuity. The medullated fibres of the cortex and remaining 
grey substance. showed no pathological - ge. The internal and 
external capsule, the erus, the cum ke, W full of. normal fibres. 


















ortions of the hemi- 
only small portions of 
preparation a speckled 
f the original tracts 
one island might be . 
s à continuity of the 
part possible by the 



















































| | | | the immer uate neighbour 
od. Lor We cortex (Fibre arcuate Meynert) was especially stril cing. 
‘he unstained ground-substance - ‚was composed . of glia tissue. Th 
"ucture conditions vary in different. localities. Active proliferation. of. 
he. glia was never present (except in the optic thalamus). ` Tu 
a "The destruction and absorption of other tissues has made the pre-. vs 
um sence of the glia substance striking. It is believed that the unstained  . 
- . tissue contains very fine axis cylinders, and that the interruption of these 
c | was only apparent. Neither in the ganglion a nor in ‚the. cortex were Yu 
SUN any pathological changes visible. | 2 d | ms 
Sections of the medulla showed only a mi destruction of -—— 
‚stem ; no island formation was present. The cerebellar man were = 
most involved. — x. Ä : 
ux Merzbacher dads with a case recorded by Müller presenting some- 
what similar symptoms, but differing pathologically, and concludes with | 
consideration of the whole question of hereditary degeneration. | 
] n 1895. Nolan recorded three cases in a family whose: genealo 



























gical tree is appended. In many ways these cases resembled: those 
which we have described. They showed ‘disease from birth, constant 
stagmus, ataxia, and speech defect. One had increased knee-jerk 
id bilateral ankle-clonus, but the other two showed loss of knee- and 
kle-jerks. None of them could walk unaided, and two could not stand. 
ınassisted. | They had no sphincter affection, no lightning pains, no foot 
deformity, and no sensory defect; differing from typical cases of Fried- 
ich’s disease in the early onset and slight increase of symptoms. MEL 
Their mental condition also was similar to that of the patients we 
escribe, for, while they were backward, they showed none of the dirty 
abits, waywardness, or sexual depravity so often associated. with. 
ongenital idiocy. "They never spoke unless spoken to, but tried to. 
nswer. questions, were of a cheerful aspect, and seemed pleased when ; 
noticed; in fact their defects seemed to lie chiefly in initiation. and 
memory. In the following points, however, they differ from our cases 
. one patient was a female, and they all showed some indefinite wasting — 
of the hands, flattening of thenar and hypothenar eminences, and | 
© O some slight suggestion of “ main en griffe.” They were said to have n 
Uu zi shown some increase of symptoms, but their condition remained almost. du. 
if not quite stationary after admission to the asylum. e 
a c ;Biner | these pee were recorded the two eldest. members of the tue 




















of phthisis, and the 
‚ present Post-mortem exami- 
nations were not pe AI. | E s qe US » 
.. In conclusi. n, we. are ‘indebted. to. Dr | and Dr. Wolseley 
Lewis for their kindness’ in facilitating our ace b o two of the cases, - 
7 . Nolan for further details of his case ; is hoped that some - 
T day we shail be able to confirm our view as to th ature of these CASES 
by a patholog ical examination. P us > = Par ge 
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2e] co WED DIED AG DIED AGED ^. "dh y MANIA ; MANIA XE 
| " "AGEDZT TIYEARS OF Po y S YEARS OF. NE : de 

DPHTBISIS ‘SCAR LET. PHTHISIS SCARLET ^c Fog ote a 


a aes 6 


| SUMMARY. dE ch 
A vil Bankier disease, having oms resembling dis- 

‚seminated sclerosis, is described. Six males at least were affected in 

‘two generations. The subjects of this diseas most alw ayan males, 

and the condition is transmitted by unaffecte: : : 

are either congenitally diseased or exhibit syr s in the first mor 

‚of life, the ogren8 o of the dise Ä ae being very : They. are aenal 

ive and ataxie, .nystagmu: : efect, and defective m 
lower limbs. It is 
ihe type of familial | 

: ider the title ‘ ‘aplasia : 

I Bali ee ei congenita.” wee a m 2 
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ANATOMICO- PHYSIOLOGICAL STUDY -OF THE POS 
‘ERIOR LONGITUDINAL BUNDLE. IN ITs | RELATION 
O FORCED MOVEMENTS. | 


BY L. J. 3. MUSKENS, M.D. 


= Amsterdam, . 


comments 


V I. -— Sicoxbany. VESTIBULAR , CONNEXIONS AND" FORCED Movie. IN duy c4 
os : Hm HORIZONTAR Prang ‚(Canoys Movie) i 
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Move MENTS: AN THEO Prase BITUATED | bros. 
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vious s investigations respecting the cireu 
aio? In: different, ‚species of. vertebrates, I ha 
part pla ed by the posterior longitudinal bui 
producin g these phenomena n 07. ,113] ; I reso 
special experiments. in this subject, and by mea Pr 
? concealed needle” I made lesions in all directions, diee. in a inc 
the area between the nucleus. of the abducens nerve and the posterior | 
commissure. - In each ease the forced. movement were noted, whether 
in the horizontal plane (cireus movements) or in D plane vertical to the 
longitudinal axis of the animal (rolling movements) © Forced movements f 
were considered to be present, first, so long as the head and eyes - 
remained deviated or so long as there was an inclination to go to one . 
side, circus movements in a slight degree ; and secondly, as long A8 7 
there was an inclination to lie down or to fall to one side, which I. 
look upon as a slight manifestation of rolling movement. The 
character of ‚the movements and the recho of he locomotion which — 
is on | | ; ceordance with the | 


a N ande the en for, after ae = mei e and a N to | 
that of the primary vertebrate, this movement produces locomotion to the right 
from the original position of the animal. 5 

The significance of the exact direction of the ioi movement becomes 
at once apparent às. soon às we begin to study. the different pathological 
conditions of. the ocular movements, conjugate devia | n of head and eyes, and. 
other neurological syndromes. | E 

During my experi nents, it was found necessary to: raw a sharp disuneiton 
between forced. me vements in the horizontal plane, or ‘gireus movements, and 
those in the plane vertical to the longitudinal axis. he animal, or rolling 
movements. Various combinations of moyements, however, were by no means 
infrequent, so that different animals appear in the table more than once; the 
character. of. the. forced ` movements Present being | employed as a means of 
dividing. them. into groups. 











Fig. lc. 





Fig. 1d. 
Fics. la, 1b, 1c, 1d.—Cross sections of cat No. 139. 


Fig. 1a.—Stab through the posterior longitudinal fasciculus in the pontine region. 
Fig. 1b.—Ascending degeneration in the region of nuc, tegmenti profundus. 

Fig. 1c.—Descending degeneration in the medulla oblongata. 

Fig. 1d. — Descending degeneration in the medulla spinalis dorsalis, 


: à £ —Lesion of the Mesial Part of the Posterior Longitudinal 
-Bundle on one Side (Table I, Group 1, p. 376). 


r nA e to analyse the physiological functions of the different parte: 


C ; of. the posterior longitudinal bundle, I endeavoured first to divide x 
its mesial part on one side proximal to the sixth nucleus. In this T° | 
e was | successful in three animals (Nos. 91, 119 and 139) ; in one of iu B 


A : 91) the lateral horn is the bundle was m. as well. 


M were c bis ed for a or hortor iini This a 
if els obtained De other — (see Table, Bes Da and i is 


en) latter bundle are found sande the 20 area of tlie e 
Sagitndinal t bundle and ee to its ventral side ee I, ‚No. 139 and 


appears to give off a of fibres to the third a ae far Re : 
ean judge from my own observations and those of others, these ana- 
— tomical and physiological relationships are constant, and they. suggest ; 


p ‘that we have to do here with an ascending vestibulo-mesencephalic v e 


_ E bundle which controls circus movements to the opposite side. 
Rn on ne eh ee was en also i in. these animals, | 


; van Gehuchten’ s reticulo- -spinal bundle). 












In the “medulla, both theag” descendihg. ira ; en their doad 
„position in the posterior longitudinal bundle, and, according to Hösel, = 
Probst, Winkler, Economo, and Karplus, take up a more ventral 
‚position. According | to Wallenberg, the same change of position 
occurs in pigeons. Fraser observed it also in his experiments, but — 
it must be borne in mind that he injured the. posterior. longitudinal 
'..- bundle at the spot where the fibres enter it from. Deiters’ nucleus. 

We shall have to consider presently the anatomical connexions 
‚of these descending fibres of the posterior longitudinal. bundle. “In 
_order to simplify: the narration of my results, however, I shall merely - 
specify here what fibres were found degenerated "hey were :— 

|. (1) The descending fibres which, according. to Held, Boyce, Redlich, 
van Gehuchten, Probst, Economo, and Karplus degenerate on the side 
of the operation after lesion in the vicinity of the ‘posterior commissure 
(2) Homolateral ponto-spinal or reticulo-spinal fibres which das 
generate downwards after lesion of the substantia. reticularis of the | 
pons, as discovered by Probst, and confirmed. by Lewandowsky and di 
.van Gehuchten. 

= (8 Heterolateral fibres constituting the crossed reticulo-spinal | 
bundle which is found degenerated after lesion of the substantia . 
| reticularis of the pons (Kohnstamm, van Gehuchten). 




































































$ 9. —Lesion of the Posteri wor EL enginidinal rm on both Sides 
_ (Table I, Group 2, p. 376). 

In a number of cats, I endeavoured to divide the mesial parts of | 
both posterior longitudinal bundles and succeeded in doing so in four 
= animals (Nos. 90, 92, 97, 114); in one of these (No. 114) they were 
= divided in the neighbourhood of the posterior corpora quadrigemina, 
together with both lateral parts of the bundle (hg. 2); in another 
animal (No. 92) the mesial part of the posterio ngitudinal bundle was 
cut on both. sides, on. the left somewhat frontally as compared with the 
right, and at the same time the lateral part also was divided on the left 
^ side (fig. 12). Three of these animals were incapable of locomotion ; 
- they could. neither stand nor. run, and their condition in many ways 
resembled that of rabbits during the first period after extirpation of both 
labyrinths (Winkler). There was conspicuous absence of lateral con- 
> jugate eye movements.’ | 











: Observations: on- pathélogical cases with. onmis an toms and probably a similar 
` Jesion of the. posterior longitudinal bundle have been reco also by Parinaud, Priestley- 
Smith, Sauvineau Nieden, Tong. Schüler, and P ale 
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In'animal No. 90 both posterior longitudinal bundles were cut right 
across at the level of the exit of the trigeminal nerve except for the 
lateral part of the left bundle (figs. 11a and 115, p. 387). In this case 
hemorrhage took place exactly at the section of the left bundle, and 
this probably irritated the fibres without completely destroying them. 
At any rate, both the ascending and the descending degeneration was 
less pronounced on the left side, where the hemorrhage occurred, than 
on the right side, where the bundle was cut across without hemorrhage. 
This was the only animal in this group that was able to perform circus 
movements (to the right) ; it had also conjugate deviation of the head 
and eyes to the right for six days. 





Fic. 2.— Lesion in the region of the corpora quadrigemina posteriores of cat 114. 


After the operation, in all these cases of lesion of the middle parts 
of both posterior longitudinal bundles, there was present on both sides 
an ascending and descending degeneration in the areas described in the 
first group, where the lesion was unilateral. A lesion of both longi- 
tudinal bundles in the region of the posterior corpora quadrigemina 
produces forced movements in a vertical plane coinciding with the 
longitudinal axis of the animal, such as staggering and tumbling, 
which are not discussed in this paper. 





















$3 T NS of Different pO of  Deiters "N: tcleus (Ventral or Tri- 
angular Part, and Dorsal or Larger-celled Part) (Table I, Group 3,- 
p. 376). 


We must consider whether the supposition ‘that we have to deal 
with a vestibulo-mesencephalic tract in the mesial part of the posterior 
longitudinal bundle is correct ; in other words, whether this mesial part 
is actually identical with the crossed vestibulo-mesencephalic bundle of — 

Fraser, Hösel and van Gehuchten. ne 
. For this purpose we have at our disposal: two experiments with ` 
lesions of different. parts of Deiters’ nucleus (No. 113, figs. 3a and 3b, — 
and No. 118), and one with an extensive sagittal lesion lateral to the — 
- left posterior longitudinal bundle, and cutting. Deiters’ complex from 
the raphe (No. 158, fig. 10). In all three cases we find a degeneration 
undoubtedly of the same ascending bundle which we deseribed in 
s$ 1 and 2. The area of the degeneration is cactly the same ; it is 
m found on the side opposite the lesion. TE crossing over of the 
fibres is visible between the level of the distal end of the triangular 
‘part of Deiters’ nucleus (Fuse) and the decussat n of the fourth nerve. — 

This ascending- Vo dint de is more re. 1 No. 113 (fig. 3D), 
ne enti: nucleus is cut through, | 


large-celled part of 
nfer that the crossed 
specially in the tri- 











































ide, there Ms a less 





[e -158, poen ibe 
ntly situated. The 
ee of ins ng en will be considered in 
Chapter III, $$ 4 and 5. | i 
cooo A comparison of No. 113 with No. 118 affords us a special 
Ds opportunity of determining more exactly the origin of the direct 
-yestibulo-spinal bundle. In No. 118 (lesion of Deiters nucleus in 
‘the narrower sense) this bundle is completely degenerated, although 
the lesion | is limited; in No. 113 (lesion of “the triangular part) 
“there is far less. degeneration. From this we may conclude that the 
direct vestibulo-spinal . bundle originates more particularly in Deiters' Et 
nucleus i in the narrower "sense, and this. agrees wee fonakow’ 8 original Ean 
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Fig. 3a. 





Fig. 3b. 
Fics. 3a, 35. —Cross sections of cat 113. 


Fig. 3a.—Stab through Deiters' nucleus. 
Fig. 35. —Ascending degenerations in the upper pontine region. 


and Turner, Risien 


posterior longitudinal 
. e al : | any case (particularly | 
after lesion of Deiters nuclei i in the narrowat sense), The situation of 
this homolateral, vestibulo- -spinal bundle i in the spinal cord is more dorsal 
. and lateral than that of the corre sponding - crossed bundle. In the 
/ region of the. cord its fibres intermingle with e of the direct dorsal. . 
| vestibulo-spinal bundle just described, and wh in these cases is also ~ 
: degenerated. This intermingling of. ihe two molateral descending E 
; s, their mutual origin | rom Deiters’ nucleus in the narrower 
sense, and the fact that everywhe: te] in the medul oblongata degenerated - 
uae are found, which occupy the intervening e between their two 
sad us to suppose that. these two bund are identical, both 
genetical ly and functionally. Sr x | 
AS regarc 3 hese > homolateral céstibulo-postel 
fibres of Probst, van Gehuchten, and others, I w 
and van Gehuchten, that in lesions in the region 
is constantly truck. by the great and apparently 
in the descending degenerations. found. 
|. This may be due to the peculiar shape the | 
also be due to the. circumstance that Deiters' nu 
has mentioned, is composed. of cells of various siz 
not all suffer in ‘the like degree from. & lesion in 
thing similar is found in regard. to the different bundles of the posterior f 
longitudinal bu ndle formation, which do not suff qually | when the 
posterior long itudinal bundle passes. through a softer d area, for some. 
of the fascicule degenerate, and others remain intact 
same way differences appear to occur in different 
p the di scending. bundles, which has led 
to suppose that in the rabbit the homolateral di 
fibres in the posterior. longitudinal: bundle are mis 
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van Gehuchten i 













2 spinal region of the longitudinal bundle is about the. same as that of. 
the descending | homolateral degeneration, after incision of one posterior 





there seems to be no doubt that Beehterew's nucleus is affected. Nevertheless one still finds 
jn this case of limited lesion of the eral TM of the yestibular region the ect vestibulo-spina 
undle vd degenerate NE. 


+, 








us, as Kohnstamm 


[108]. In the- 


nding vestibular 
"The situation of the homolateral descending Deiters’ fibres in the — . 
= To give a cunts Pump. x would: ey to; wr No. 7, of Lis owsky. From the JB i 


‚character and situation of the ascending degenerations {both exclu -on the same side E 
as the lesion, cf. § 5. of this Chapter) in the posterior longitudi bundle formation, |^ on 











the h i hetérolatéral qusc ^ che COTON us Gatos Whether it: E 
TAM possible to determine which part. of the descending fibres originates ES 
= in the reticular cells in the region of Deiters' nucleus, and which . 
part in Deiters' nucleus proper. This may be determined possibly . 
| | by the application of Clarke and Horsley's method of localized lesion. 
 Lewandowsky declared. that it was impossible to define Deiters' ~ 
nucleus sharply from the cells of the reticular formation. The observa- .. 
tions. of Kohnstamm and Lloyd, however valuable | in other respects, E 
d not bring. conclusive. evidence to bear, ‚upon this subject. 
. Generally speaking, we may say that the course of the crossed 
icending vestibulo- mesencephalie bundle, of the direct vestibulo-spinal 
undle, and of the homolateral descending bundle in the posterior 
ngitudinal bundle formation, after lesion of Deiters’ nucleus, as 
described by the first authors upon this subject (Held, Ferrier, Turner, 
'ussell, and Thomas), corresponds with the results of. the later i in- 
tigators just mentioned and also with my own, save dor the data dno 
egard to the reticulo- or ponto-spinal fibres. ! | | 
Heterolateral descending . bundles from Deiters" les, m - dis - 
natter we shall have to discuss at some length, since ern differ 






















































The cause of these differences of opinion, as far as I can see, | is sdue — 
to the va riety of methods adopted in operating, and to t the fact that d 
is not generally recognized that there exist. marked anatomical and - 
physiological differences amongst secondary connexions of the different 
arts of Deiters’ nucleus, a circumstance which | complicates their 
analysis very much. | 5 | E: 
^. Although we are much aana to thè investigations. of Probat; 2 
Vinkler, and Lewandowsky for our present knowledge of this region, : 
. the extensive lesions made by these experimenters cause such wide- 
|. spread degeneration that one is scarcely warranted in drawing definite 
conclusions in regard to these bundles. Fraser [59] avoids this difficulty — 
by first severing the occipito-atlantal ligament and then incising the - 
most distal parts of Deiters’ region with a pointed galvano-cautery. 4 
Nan Gehuchten experimented with rabbits, and. injured, to judge. from - 
his figures, the caudal part of the vestibular region, by extracting the 
facial nerve. Probst’s and my own lesions were made by means of a 
l concealed needle pou the en ; as s Horsley a bne Clarke e have 








in the spinal co 


| = ‚on p ough his bliservationis 
are mädels ol learned; yet the great disadvantage of experiments upon — 
these birds is the minute extent of the relative parts, so that any . 
up “advance. in the differentiation of the various. Parts of the vestibular 
|. nuclei is not likely from them. ue 
Rue We owe our knowledge to von Monakow and -Kohiistemni, and above : 
© all to Probst and van Gehuchten that, in addition to a homolateral . 
bundle, there exists also a crossed ponto-spinal or reticulo- HU bundle, E 
| 1 the area of the posterior longitudinal bundle.” | 
| ıppea "s that the. degeneration of tl undle has nee » 
to an extraor inar legree. with. the. analysis of erous experiments, 
because of the. peculiar and capricious shape of eld of origin (Kohn- - 
stamm). "Thus, for example, I find it degener in No. 139 (fig. le), 
where there was a sharply defined lesion of the mesial part of ‘the [ 
posterior longitudinal. bundle (fig. la), and from i and other experi- : 
ments I have come to the conclusion that the 
tract must be present undoubtedly in the imm 
posterior longitudinal. bundle from below the e 
(ef. Fraser’ s emanikan A j^ bd ud the E cor 
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, 1 do not fe | j in asst hing vidi Fraser : 
Winkler and van Gehuchten, that Deiters' nucleus gularly possesses 
& crossed descending. connexion with the. posterio | 
| In many cases of lesion of Deiters’ nucleus the dire st vestibulo-spinal — 
: ..— bundle, and also the homolateral Deiters' posterior longitudinal bundle | 
|. fibres are degenerated, but crossed fibres are lacking, and until some 
further advance has taken place in our knowledge of the anatomical and. 


... physiological relations of this region it is impossible: to decide whether 









lateral descending fibres. 








glion-cells for this . 


ritudinal bundle. en, 


an any part of Deiters’ ae much less what part, ges rise to hetero- E 
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$ 4.—Lesion of the Mesial part of the Lateral Horn of the Posterior 
Longitudinal Bundle (Homolateral Vestibulo-mesencephalie Bundle) 
(Table I, Group 4, p. 316). 


In one cat with a lesion low down in the pons region, the larger 
fibres of the crossed vestibulo-mesencephalic bundle remained intact, 
but an area lateral to this bundle was degenerated on the side of the 
lesion (No. 68). 

This case appears especially interesting from the fact that hemor- 
rhage took place exactly in the area of the posterior longitudinal 
bundle (fig. 4); in this animal there was noted a circus movement, 
or rather a maximal conjugate deviation of head, neck and eyes to the 
non-operated side, for thirteen days. 





Fic, 4.—Lesion (hemorrhage) in lateral horn of posterior longitudinal bundle of cat 68. 


These degenerated fibres may belong to the area of the crossed 
vestibulo-mesencephalic bundle; however, Deiters’ nucleus of the 
other side is intact; no descending degenerated fibres in the posterior 
longitudinal bundle were present except on the side of the lesion and 
these were situated dorsally and laterally and the direct vestibulo-spinal 
bundle was not degenerated ; moreover, the fibres were of more delicate 
structure than those of the crossed vestibulo-mesencephalic bundle and 
were situated more laterally in the posterior longitudinal bundle forma- 
tion. It seemed, therefore, likely that these degenerated fibres might 
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APTER IL. a CENTRIFU GAL Büsbrx IN THE POSTERIOR Tonery: 


| DINAL ‘BUNDLE-FORMATION WHICH CONTROLS. Creu 8 MOVEMENT . 


TO THE SIDE oF THE LESION. 


Up "TE ‘now we have become acquainted väi two vestibule- i 


mesencephalic bundles, the mesial one of which is crossed and ascends 


com the ventral triangular part of Deiters’ nucleus, while the lateral E E 
ascends | uncrossed. from Bechterew’ s nucleus. The ascending oe 


neration of either of these tracts and the assc te 
erations. án | the qs Part of the, ee lo udinal bundle. ; 
: ways nents or with. con- i 

ed Side. | 
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ORIGINAL ARTICLES AND CLINICAL CASES | 


Fig. 5d, 


Fig. 5b. 











Fig. 5d. 


Fires. 5a, 5b, 5c, 5d. — Taken from cat 93. 
Fig. 5a. —Lesion in the region of Bechterew's nuclens. 
Fig. 5b.—Ascending degeneration in the mesial part of the lateral horn of the’ posterior 
longitudinal bundle in the upper pontine region. 
Fig. 5c.—Descending degeneration in the upper dorsal region of spinal cord 
Fig. 5d.— Photograph of cat 93, taken thirteen days after operation. Note conjugate 
deviation of head and eyes towards the left side. 
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Fig. 6b. 
Fics. 6a, 6b, —Cross sections of cat 95. 


Fig. 6a.— Lesion in the region of Bechterew’s nucleus. 
Fig. 6b.—Ascending degeneration in the upper pontine 





region. 




















by Mae Bleuler, R. el v. Bechterew and o arg, ı and 
has been definitely accepted as correct by Spitzer and Kohnstamm. 
— From a clinical point of view, arguments in support of it have. 
been ipn ME Prévost, v. Morakow, P ka, Gowers, Gee, Tooth, 





„our pre 
u dismis 3i 








p region p the | 
eroto. what are 
a lesion in this region, 
5  dlegenersílong? in the 
t ose lesions, that were 


; Pad ‘connedted: swith N a; na 
posterior commissure. We must first determ 
the physiological and anatomical consequences. 
.and then particularly . look for the descendi 
posterior longitudinal bundle, consequent to 
associated with circus movements.’ - 
© = For this purpose we have at our dispo 
supeduph (Nos. 107, 108, 106, 109, 98, 61 
P. 378). | 



























seven of my own 
‘able II, Group 10, 








ABIRE 1 The origin and termination of two descending bundles bad ülmady been. recital by os 
NE mgen for: ‚some oe and they had beon termed fasciculus ‚Sramissurd-medullaris and Br 





8 cof the resulte eben, 100, : 
. My communication ` 











Fic. Tb, 


Frias. Ta, 7b.—Cross sections of cat 108. 


Fig. Ta.—Descending degenerations in the posterior longitudinal bundles in the region of 
the trochlear nucleus. Note on the right side the coarse-fibred tractus interstitio-spinalis, on 
the left the fine-fibred tractus commissuro-medullaris. 

Fig. 7b.—Descending degenerations in the medulla oblongata. Note on the right side 
presence of coarse-fibred fibres ; no degeneration on the left, 


: of Schiff and Probst Ca hemisec in the caudal parts of 
d oprie thalamus causes. circus movements to the side of the 
operation”), five of these animals executed circus movements to the 
side of operation for longer or shorter periods. Cat No. 108 was an 
exception, as it performed rolling movements to the left side or side of 
operation for a very unusual length of time and circus movement to the 
left side for one day only. This case exhibited an extraordinary localiza 
tion. of the lesion, which caused degeneration of the commissuro- 
‘medullary bundle on the left, and of the inte itio-spinal bundle on the 
right side (figs. 7a, 7b). | 0 u 
In this connexion we would recall that ı in | year 1881 v. Bechterew 
had. already noted circus and rolling move ents after lesion of this 
Es region; these he afterwards described in detai [11]. Lewandowsky [89] 
(p. 187), obtained similar results. Both these writers remark, and 
rightly, that these movements are never characterized by the vehemence 
— which so regularly occurs after lesion of the ı bular region. ; 
A delicately. gianuled t tract was found : moi less degenerated i in all 
five animals, o | the mesial part of the 
on both sides of the 
rof the lesion, — 
data and the physio- 
any accidental injury 
ions in its area are so 
nts (cf. Chapter II, 
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- peculii ndi 
BLS ea | 
| In. No o: 106, tor TTE we find. the nervus | | 
: slightly: speckled with. ‚black dots, a condition simi o what was observed in 
No. 61. . Tf, however, we remember that a lesion E is nerve invariably pro- 
duces rolling. movements to the side of the lesion, we. ‚can safely set aside the 





bularis on the left side 








- objection that. the circus movements to the right and the left in this group of 


animals: which we are considering, were due to an indirect lesion of the nerve 
root. It is also unlikely that the slight. speckling of the two vestibular nerves 
(equally) in No. 108, could cause the prolonged tendency to fall to the left side. 









. nuelei, and as regards this animal we cannot say: positively that the circus | 
movement i to the right for one whole day was not o ng to this unintentional | 
indirect lesion of Deiters' nuclei. 


In regard do five animals then,. we have i tes of the duration : 
and the nature of the forced movements, a ane Iso of the different i 








- In No. 109 numerous delicate black granules were found in the two Deiters’ zl 
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Fig. 8c. 
FiG. 8a, 8b, 8c.— Cross sections of cat 107. 


Fig. 8a.— Extent of the lesion at the level of the anterior quadrigeminate body. 

Fig. 8b.—Level of the nucleus tegmenti profundus. Note the coarse-fibred tractus inter- 
stitio-spinalis on the side of the lesion. 

Fig. 8c.— This same tract in the dorsal region of the spinal cord, on the side of the lesion 
(by mistake sides reversed). 


descending degenerations in the area of the posterior longitudinal bundle, 
which may possibly be responsible for these movements. The bundle 
lateral to the posterior longitudinal bundle, as described by Probst, 
Economo and Karplus, was found degenerated only in Nos. 106 
and 108, and was perfectly intact in Nos. 107 and 61, which animals 
executed distinct cireus and rolling movements. From the hypothesis 
we have mentioned, and which regards the posterior longitudinal bundle 
as the pathway of a reflex mechanism, we may suppose that there exists 
a centrifugal component controlling the circus movement. We must 
investigate, therefore, the condition of the descending tracts within 
the posterior longitudinal bundle, the lateral bundle having probably 
nothing to do with these movements. 









Iready noted by Held, have been examined after the Marchi 
and described by Boyce, Redlich, and Probst in mammals. 
n them, however, we have to deal with a double bundle, the. component 
parts of which begin and end differently. Their different course was | 
| first described in the year 1912 [108], and the bundles were termed the 
oe commissuro- -medullary and interstitio-spinal bundle. Cajal, Wallenberg, : 
| € and 4 van Gehuchten discovered the descending mesencephalic fibres of — 
oe © this region in birds and fishes. De Lange studied them in. different 
uu species. of animals, and considered them homologous with the uncrossed de 
tecto- bulbar bundle of the fish. In a rabbit he followed them. right into . E 
sacral region. As regards man, centrifugal fibres in the. posterior - E 
udinal bundle have been described by Gee, Tooth and ‘Roussy 
ng situated i in its mesial Segment, and, according to Roussy, y also 




































V he S can follow this part of the posterior longitosal 1 bundle 
lownward course as in Nos. 107 and 108, we can -readily 
yi ne ‚that we have before us here two separate anatomical 
ies; dn No. 107 we can follow the interstitio-spinal® bundle | ES 
parate strand of coarse fibres well into the lumbar region of the 
al c ord (fig. 8c). -It is situated i in the anterior column. and runs cl e 
the interior fissure, about two-thirds of the way from. the ventral. to. 
dor: al end of the fissure. On the. other hand, in. No. 108 we 'see 
hat the delicately fibred. tract. on ‘the left side (fig. 7a), most mesially: 
ted in the. posterior longitudinal bundle, disappears. caudally in 
bdueens nucleus in the oblongata (fig. 70) and only a few solitary 
res from it can be followed. into the cervical spinal cord, or lower. 
Vhen ‘we now consider (Table ID that in unilateral lesions. of. ‘the 
! n of the posterior commissure, which are followed by circus move- 
nents to the side of the lesion, with conjugate deviation of the head and . x 
yes, we constantly find degenerated fibres in the innermost part of the | . 
Duc osterior longitudinal. bundle, descending towards the medulla, it thus .- ; 
C “seems likely that we have here the centrifugal limb of the reflex are 
which controls cireus movements to the side of the nesengephalie | 
a lesion. | a 
We must conclude therefore that in the posteur longitudinal 
= handle, there are found not only two tracts on each side of ascending 
fibres, the degeneration of which occurs simultaneously with cireus ^. 
\ovements” to the healthy ‚side, but also on each side a centrifugal: 
nal, common. path’ T [Sherrington un), the descending degeneration 








































In agre ment. with this teory of Sherri n's is the circumstance. 
that the ascending fibres. of this reflex are are much more abundant 
than the descending. The condition resembles that of the single giant _ 
-Mauthner-fibre of fishes, which, according to P ohnstamm, controls the . 
. motion of the tail fin. | d 3 
. .. None of my experiments is in direct opposition to this supposition; 
one of Economo and Karplus's experiments also (referred to in Table I) 
may be regarded as supporting it, and Roussy's [135] results and. 
: Kohnstamm's. may be interpreted also as in agreement with it. = 
| It is true that I find ın ‚some of my thala aic lesions in. certain 2 
animals the. same phenomena as were present in cat No. 1 of Roussy’ 8 
‚series. This animal |, although. the. nucleus of. 1 osterior commissure 
and the -commissuro-medullary bundle were intact, performed ‘circus | 

| ls t t me time. But in 
lt with. especially, - 
:rebral hemisphere E. 











































Chapter VI this. class. of experiments will b t 
48., lesions. of. a E ach of fibres that. connects. t 
striate body) with the region of the posterior commissure. To 
declare, as Roussy. does, the degree of circu: ovement to be in - 
proportion to the injury of the  peduneuli, ld be neither in . 
See with my. own. + esate, nor with tho 2 of 
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THE Loxomonisat Aus. oF THE ; Ann AL. (Ro NG ; Movements). | 


4 l. WU of the Vestibular Piet (Table I, Group 6, p. 376). 


In Group 6. of Table I we have included those cases in which 

. be vestibular root itself was injured. by the instrument, or was found 
degenerated to such an extent that some indirect injury to it must _ 
have taken place by. stretching, or hemorrhage, or in some such way. . 
"The. forced. movements after direct lesion of the bular root, that  . E 
is to say in the cases with definitely eonfirmed total de neration in the af 
nerve-root, are of far longer duration. than: those after irect lesions or o- 
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RS | (middle division), on right side | right side 
108 . Region antero-lateral to red nucleus, on right | 18..,, | Degenerated on | To the left 
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lleviated PME ‘that of the iier udo s being drcid pera is ; fa $ 
more vehement in the case of a a direct root lesion. In cats it i is only afte 
direct i injury of the vestibular nerve that rolling movements cor atinus 0: 
weeks; after secondary or. indirect lesions. of the vest ibular nerve, : ant 
a fortiori after lesion. of the ascending: sy ‘stems only, minor phases onl; 
of forced movements were ‘noticed, such as a tendency to lie on on > 
side, to fall to one side, or a rotation of the head to one side, ‚ wher a" 
the chin was moved away from the direction of the rolling. "we 
_ As soon as the anesthesia passes off in lesions of th 
root, there occurs usually y rotation of the eyeballs. on their antero 
posterior axis towards the side of the lesion, a rotation which. is easily I 
demonstrated in cats because of the slit-like shape of the. pupil, and | 
dn rabbits can be made apparent by the performance of a preliminary . 
2 - iridectomy [107]. "The upper half of both eyeballs is seen to be rotated | 
towards the side of the lesion, the lower half from the side of the lesion. - 
. Further nystagmoid movements of the eyeballs can be observed, — 
slow in character in the direction of the rotation, but rapid in character 
in the opposite direction. This rotatory nystagmus usually lasts for- 
a few days only, and is. increased by turning the e head in the direction - 
opposite to that of the rotation. ie M o i 
_ After compensation of the rolling. "Yüoverüenk i faa. | taken place, - 
"bay à may | be renewed by: beri the animal al E r a long time . 
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e animal can ı also be pressed | ee more Pus m side to which 
le. tended. to. roll | than to the. other side. By } ; 


ane es med E 
| irkable, ‚however, 


stibularis. ues re 5s did " 

It is outside “Bie: oei of this: paper to discuss he hydrokinetic - 
hi Ory of these organs, simultaneously brought. forward by Cram 

‚Brown, Breuer. and Mach, ‘or to recall the extensi ve literature con- 
a cerned with stimulation experiments performed upon: ‘the semicircular 
1 | canals and the acoustic macule. I will merely remark that a lesion 
f one canal tends to produce. deviation or movement in the plane . 
; that” canal as well. as ‚corresponding alterations in the compen- 
abory changes in position £, m syetalls that | place during 
novements of the body [31, 70, 84, 87] (pathological observations . 
f Stein, Stenger, Bourgois, 1 Bero, van | Uffenordo) 



























posed ee PN causes telling Pini) sig to t the side. 
the lesion, together with corresponding disturbance of independently 
| moving parts of the 2 (eyeballs, fins, tail, &e. [18, 93]). : 








o As regards the more recent researches concerning the vestibul: nerve — C 
— itself, I would quote those of Biehl [21], relating to. direct electrical 
Stimulation of this nerve in horses and sheep. During the stimulation, for - ue 
instance, of the right nerve, a deviation. was observed of both eyes to the right 
v side; with small rapid nystagmus in the same direction; at the same time. there 
was 2 squint present, the left eye being below, the right above, a deviation 
ch is found in animals that roll to the left side. Immediately after seve 
ce of the vestibular nerve, on the other hand, the deviation of the eyeballs : 
nd the squinting were in exactly the opposite direction ; thus, after section of 
he right root, the horizontal deviation of the eyes was to the left, the left eye 
vas turned upwards, and the right downwards. To conelude, as Biehl does, 
rom these observations (which are partially at variance with. those. of some 
xperienced physiologists). that the stimulation experiment. indicates | the 
jàraeter of the. normal working of the vestibular nerve. appears. hardly 
ustifiable. We should rather assume that the vestibular root comprises so 
any different physiological entities, all in connexion with. the preservation of 
tatie and dynamic equilibrium, that it wil depend upon the details of the 
r xperiment as to what results will ensue from stimulation or injury of the root. 
' hus from my own experiments it would appear that a lesion of the proximal 
parts of the vestibular nuclei causes forced movements, the direction. of which 
may be the reverse of that of movements caused by lesion. of the. cauda parts 
of the nuclei, It would, therefore, hardly be surprising lirect. stimulatio 
of the proximal and caudal fibres of the root produced oppositely. directed 
: conjugate deviations. Stimulation and section of the whole of the vestibula 


root gives evidence, I consider, of the function of the preponderant semicircu r 
canal in that particular animal. > 
























































T As regards the anatomical. results in this group a kaani we are 
considering, I must make particular mention of rabbit V, where the i 
_ pars petrosa cerebelli, according to Bolk 126], or. the. SO- called. 
-flocculus was extirpated, and a part of the vestibular nerve was injured, . 
an associated lesion which occurs very rarely with this operation. 
Amongst a large number of experiments I consider this case the only 
. one which can be utilized for the study of the intracerebral degenera- ^. 
. tion that occurs after a lesion of the vestibular root alone, since all other | = 
: experiments in rabbits and cats showed, on careful microscopic examina 
jon, complications caused by associated lesions in adjoining. regions 
n this animal we could follow ur degenerated vestibular nerve-sheai h: 



















Se nucleus tecti [112]. Meynert, Sala and Thomas also traced vestibular 





arrower dando an to the region of Becht v's nacka and dre 


| fibres directly into the roof nuclei. 


. | nerve could 1 sueceed in following the course of. the root-fibres towards. 



























In none of my numerous experiments with lesions of the, vestibular 


| the area of the posterior longitudinal bundle and. its lateral.horns, or — 
towards the ponsor mid-brain, or descending directly into the spinal cord. = 
In vain did. I endeavour to convince myself, by m ns of the osmic acid — 
method, of the exi tence of direct vestibular fibres which cross the . 
aphe (Cajal and oW ailenberg in birds, Deganello [46] in frogs, 
‚ewandowsky in mammals). I should almost doubt that such fibres 
xist, although the silver methods of Cajal strongly suggests them; — 
vhat may happen, with the osmic acid method think, is that in —. 
extensive injury of the elements of the vestibula lerve, a few fibres _ | 
riginating from Deiters’ nucleus degenerate upwards, and thus simulate 
lirect root-fibres. Further, I cannot agree with Lewy [91] that 
he structures in the posterior longitudinal bundle are m 
ose in other regions to contain fibres coloured by osmic acid. On the 
'ontrary, by carefully. avoiding all compression of he brain, I have E 
‚obtained -ample - proof that even extensive lesions f the cerebellum _ 
including the nucleus dentatus) never cause the slightest degeneration e 
n the posterior longitudinal bundle; in these cases I never observed _ 
he slightest sign of forced movements in the t planes (circus 
movement in the horizontal plane, and rolling movement in the ` 
vertical plane, vertical to the long axis of the animal) which are dis- 


cussed in this paper. . s E 
Ag regards the striking Airea in the physiological effects pro- 








































... lesions of the vestibular. ‘root, I must observe again that the rolling 
= movements in this case were never of a vehement character, and, as 


already stated, were directed to the side opposite to the lesion. Seeing 


~ that this sort of rolling movement never resulted in numerous other 
| rabbits in which. ihe flocculus alone was removed, together with the 










part of the nucleus. dentatus enclosed in it [114], it 
me) in this case upon the unusual lesion of the vestib ar root that 
| In this case rabbit M. it was s especially f the caudal part . 
legenerated, 
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nore likely than A : 


duced by the lesion in rabbit V, and those produced by all the other —— 


just probably | E. 
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and the limited extent of the lesion is proved by the absence of 
degeneration in the tuberculum acusticum and the corpus trapezoides. 


$ 2.—Lesion of the Descending Ramus of the Vestibular Nucleus 
(Table I, Group 7, p. 376). 


The next group to be considered contains the animals with lesion of 
the descending ramus of the vestibular nucleus; either a total destruc- 
tion of the cell area as in cat No. 8 (fig. 9) or a partial lesion as in 
Nos. 18 and 35. The chief point in connexion with this lesion is that 





Fic. 9.—Lesion of the medulla oblongata of cat 8, softening with cystic degeneration, 
including the ramus descendens nuclei vestibularis. 


in these cases rolling movements to the healthy side, or at any rate an 
inclination thereto, were observed during the life of the animal. The 
intensity and the duration of these rolling movements and of the 
corresponding deviation and rotation of the eyeballs around their axes 
that accompanied them [107, 113] appear to be in direct proportion to 
the intensity of the lesion in this part of the vestibular complex, or to 
the completeness with which, as in some other experiments, this part 





of the cerebrum. | 

In cat No. 8 we have to deal with a complete. cystic degener tion of 
< the entire region (fig. 9). In cats Nos. 18 and 35, the lesion is partial. 
only and caused apparently by indirect temporary pressure; in the 
latter: of these two animals rolling movement never actually ensued. 

In cat No. 146 it was the distal part of the ramus descendens only that 

was cut off from the raphe and the proximal parts of the brain ; in cat 

ous No. 158 the sagittal lesion was immediately lateral to the left posterior 
_ longitudinal bundle and severed the entire vestibular region from the 
.. raphe (figs. 10a and 105). This last animal fell for several days ward: 

. the side: opposite. the lesion, | oe we 

—— I must admit that my material is. inadequate da allow the eésdelusion 
~ to be dray absolutely that this part of the vestibular system € 
controls th function of rolling movements tos ds the non: evered 
side, or rather this negative function, because, according to Munk [106] 
polling movements are to be considered as the result only of an inability 
4 in the normal posture. However, I consider this conclusion 
is in Bid dunes with the facts so far obtained by a physiological 
analysis of. the Deiters' complex, and it is such a atively rare occur- 
ence that, after a lesion of the descending ramu 
alive long enough. to. admit of observations being made, that I consider 
these preliminary results worth noticing. I have to confess that all the 
“lesions i in this group. involved accidentally the ramus descendens. Only 
u once did I succeed i in my attempts to produce a lesion of the descending 
"branch and. in this. ‚way to observe rolling movements towards the 
healthy side. DB d 
As regards the e" degenerations which an , due to à lesion of 
"ihe ramus descendens, it is only in No. 158 that I have been able to 
< obtain positive (?) data. In this animal an ascending degeneration 18 
. present in the mesial part of the lateral horn of the posterior longi- 
tudinal bundle (fig. 105), but the situation and the extent of the sagittal 
lesion in this case are not such as to justify us in concluding that this 
ascending bundle actually originates in the ramus descendens of the 
^ westibular nucleus; probably it is the one which was affected in the 
un d ease discussed in $ 5 of this chapter. This much is certain, however, 
ue ^ that. in cat No. 8, with a complete destruction, and in cat No. 18, with | 
a slight lesion of the ramus descendens, there is strangely enough 









































































posterior longitudinal bundle, ang at the same time ny exceedingly 
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in animal remains . -. 


only the merest. trace of. ascending degeneration in the heterolateral. - : 
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Fig. 10a. 
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Fig. 10b. 
Fias. 10a, 105.— Taken from cat 158. 


Fia. 10a.—Sagittal lesion on the left side of the posterior longitudinal bundle, 
cutting off the vestibular region from the raphe. 
Fic. 105. — Ascending degeneration in the region of the nucleus tegmenti profundus. 
Note also degeneration of the tractus vestibulo-mesencephalicus cruciatus. . 


‘crossed ones. aana 
à In the literature I find PE facts whi 
views. This is the case in the discussion by I get [94] on the tolling : 
movements which occur after a lesion behind. the fifth nerve. Luciani 
and Sergi [96] confess that they cannot explain why, after lesion of the 
lower posterior part of the cerebellum, rolling: movements should appear . 
which take an opposite. direction to those seen after ablation of a — 
hemisphere. ` "Russell [138] observed the sam ovements after lesions 
of the restiform body. E 
As itis impossible fora lesion to be confinec | | 
descendens, the restiform ‚body being usually involved, it might be - 
suggested that the ascending folivo-cerebellà: es took part in this | 
phenomenon. If, however, it be considered certain that all the olivo- " 
cerebellar fibres terminate in the cerebellar x, the fact that no - 
lesion of the. cerebellar cortex alone is associated with the demonstration 
of this. phenomenon renders the supposition improbable. 
































olutely to the ramus - 


S Basin of Deiters’ N ucleus (Table I, Group 8, p. 370). 


| In two. animals (Nos. 113 and 118) the lesion as limited. to Deiters’ 

nucleus on the right side (Group 8 of Table I). In both these. animals, 

-circus movement to the side of operation was observed. In Chapter I, 
- 88 1 and 3, I have discussed the crossed ascending degeneration of fibres, 
passing from this nucleus into the posterior longitudinal bundle, and 
dn these. two animals. there was also a falling. m ment to the side of 
: the lesion. as well as 8 circus: ‘movement. In both animals ascending 
i was fc } the lateral horn of 


j)wed in an upward 
sw fibres, however, 






























the positi longitudinal bundle, a and could be. f 
direction as far as the region of the tegmentum. 5 






.. level (lateral fibres seen in fig. 3b, on right side). 
ae 2*5 Tn $ 4 of this chapter, it is shown that a disené lesion of the lateral 
part of the posterior longitudinal bundle is followed by an ascending 

| . degeneration of the fasciculus vestibulo-tegmentalis lateralis, whieh is 
in all cases accompanied by rolling movements towards the side of the 
lesion. ^ “ 
= After a. ‘careful examination of the cases and the 
one feels bound t do admit that different. Lus of Di 














anatomical lesions, 
ors' nucleus control 








could be followed into the posterior commissure ab its extreme caudal ^. 
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* 
the cireus movements to the operated side, and the rolling movements 


towards the side of the lesion. This is illustrated in cases Nos. 113 and 
118. In the first case the circus movements lasted a whole week, while 
in the second they were present for one day only; in the first case 
the entire caudal triangular part of Deiters' nucleus was injured, and 
the ascending crossed vestibulo-mesencephalic bundle was far more 
extensively degenerated than in the second case. From the physiological 
analysis one may further deduce that the magno-cellular part of Deiters' 
nucleus, or what is termed Deiters' nucleus in the narrow sense,|which 
controls the rolling to the side of the lesion, sends out more descending 
fibres towards the spinal cord on the side of the lesion, than the 
ventral part which controls the circus movements to the side of the 
lesion. 





Fig. 11a. 





Fig. lle. 
Fias. 11a, 116, 11c. —Cross-sections of cat 90. 
Figs. 11a and 11b.—Lesion of the posterior longitudinal bundles in the pontine region. 
Note destruction of the lateral horn on the right side. 
Fig. 11c.—Ascending degeneration of the lateral horn on right side. 
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Fic. 12a. 





Fic. 12b. 
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Fic, 120. 
Fiss. 12a, 125, 12c.—Cross-sections of Cat 92. 


Figs. 124 and 125.—Lesion of the posterior longitudinal bundles in the pontine region. 
Note destruction of the lateral horn on the left side. 


Fig. 12c.—Ascending degeneration of lateral horn on left side. 


As has already been pointed out in Chapter I, $ 3, it has not yet 
been possible to determine which part of the homolateral, and 
particularly of the heterolateral descending posterior longitudinal 
bundle fibres originate in the reticular cells (faseiculus reticulo-spinalis), 
and which from Deiters’ nucleus. 


$ 4.—Lesion of the Lateral Horn of the Posterior Longitudinal 
Bundle (P.L.B.) or Fasciculus Deiters’ Ascendens (F.D.A. of 
Lewandowsky and Winkler) (Table I, Group 9, p. 376). 


The following groups of experiments (Groups 9 and 10) concern 
the direct lesions of the lateral part of the posterior longitudinal bundle), 
which is acknowledged by Winkler [169], Lewandowsky [89], and van 
Gehuchten [63], to be an anatomical entity, and named by them the 
fasciculus Deiters’ ascendens (F.D.A.), or faisceau triangulaire. 

Special attention should be paid to experiments Nos. 90 and 92 
(cf. the diagrams of the table, Group 2, and the figures lle and 12e), 









cause in: ikon anal both ihe. ee longitudinal ‘bundles were 
cut between the sixth and fourth nuclei. In No. 90 the right fasci- 
culus Deiters' ascendens was also cut (figs. 11a, 115), while in No. 92 
m the left fasciculus Deiters' ascendens was cut (figs. 12a and 12e).! 
-= We here observe a remarkable parallelism between the physiological 
and anatomical data given in the table. In Case 90, where the right - 
on. fasciculus Deiters’ ascendens was severed, it showed degeneration 
|. upwards to the right, while the animal displayed a rolling movement 
 . to the right side. In Case 92 the left fasciculus Deiters’ ascendens 
— showed degeneration upwards to the left, while the animal also displayed 
-a rolling movement to the left side. | Z4 
In not a single case was there any trace of a es: in either the. 
vestibular root, Deiters' nucleus, or the ramus descendens of. ihe sieht 
yucleus, which might be the cause of this phenomenon. ee 
In Case 114 both the posterior longitudinal bundles were severe 
wally to the fourth nucleus, while the right fasciculus  Deiters* 
ascendens was also cut. In this case it was only in epileptic fits E 
nduced by camphor monobromate that falling to the Pun side was 















































In | the next five experiments the extreme NS part of the tasei- 
'ului een ascendens was either injured directly, or it w 
egenerated in consequence of a lesion of Deiters" nucleus. associated | 
with. extirpation of a cerebellar hemisphere. | gs D 
; In some cases, such as No. 150 (cf. also Quensal's - case UNS: a 2 
[128]), only the extreme lateral fibres of the fasciculus | Deiters’ 2 
iscendens. were affected on one side, yet the animal showed a decided 
endency to fall to the same side. In such. cases the ascending 
egeneration can only be followed for a short way, which evidently 
hows that these lateral fibres lose their sheaths immediately IDA. enter ES 
the region of the posterior commissure. " fo 
S7 Fb is not necessary to go further into detail concerning fee experi- jm 
SU  piehis, seeing that the diagrams of the table (Group 9) furnish all the 
UE necessary data. | 

From a consideration of the data it seems probable that there 18 
+ -@ vestibular ascending bundle (or one of several such bundles) in the 
lateral part of the fasciculus Deiters' ascendens, which controls the 











VAs regards the circus movements to! ihe right shown by. Case 90, it should be: remem. e 
ered that in this animal hemorrhage ensued into the posterior longitudinal bundle, which 
resumably caused an unequal lesion of the mesial parts of the Ar Jongitudinal: ps 
rg causing circus movement. | TN reges 











nee Tom the results obtained after lesion of the principal division 
- Deiters' nucleus (Chapter III, § 3), it may be deduced that the medium — 
‘or small cells of the dorsal division of Deiters’ nucleus (that is Deiters’ 

“nucleus in the narrow sense) constitute the origin of this bundle. This m 
-conclusion is come to in consequence of the total degenevaG om of the _ 
| giant cells seen after hemisection of the cervical cord (v. Monakow [1 04]). 2 

_.. In numerous other lesions made in the pontine region I have never. 
‘observed’ any rolling movement when the vestibular nuclei and th 
ascending systems remained intact. d an further confirm for o 
experiment the observation of Spitzer and Karplus [150], that a lon, 
tudinal incision in the middle cerebellar duncle is not associated wi 
circus. movements. | | : 



































t —Lesion of the. Mesial Part d the Fasciculus Deiters — 
Ascendens (F.D.A.). (Table I, Group 10, p. 376). 


Among. the numerous experiments. in Which lesions were made 
the region oral to the Deiters' nucleus, there are certain cases whi 
are in [ apparent conflict with the results discussed in the foregoi 
paragraph as regards the physiological p enomena, and also, I belie 
as regards the anatomical data. E 
S. none of these cases did the rolling movements actually e appe 
At most there was a tendency for the & mal to roll or fall on to th 
2 non-operated side. In Case 91 there was found only a slight degenera 
tion of the left vestibular root and of the right Deiters’ nucleus whic 
might p possibly account for this phenomen | 

. In the other cases I can assign no : 
towards the normal side. dem B 

. In these three cases under consideration there is an ascending 
degeneration predominating in the mesial part of the fasciculus Deiters'! ^. 
ascendens which appears to me to afford good ground for supposing that 



















use for this tendency to fa 








a Although I have considered it necessary for the physiological analysis of the posterior 
longitudinal bundle to exclude all the cases in which collateral injury of the vestibular roo 
and Deiters’ nucleus occurred, it yet appears highly bable in Case 91 that the sligh 
lesion of these paris was the cause of the protracted inclination to fall to the non-operated sid 
If we accept this, the case would bear out what is. maint ed in this paragraph. In Case 6 
the. objection i is. justified that the same injury which. d degeneration of the descendin 








fifth root and of the restiform: body o on the right side, m have involved the descending eight 
root on the: same side. 











there is an ascending vestibular connexion with this part of the 


fasciculus Deiters’ ascendens, which controls the rolling movement to 








the healthy side (fig. 13). 

In these cases there is a moderate descending degeneration in the 
spinal posterior longitudinal bundle of the same side, down to the dorsal 
region. í 1 

There are, however, too few cases to allow of any positive con- 
clusions being formed as to the existence of such a bundle. | 

Should further investigation, however, confirm this supposition, the 
bundle might appropriately be named the fasciculus vestibulo-tegmentalis 
medialis. (Cf. the ascending degeneration in the posterior longi- 
>. tudinal bundle on.the left side in Case 91, fig. 18, and Case 158, fig. 

—.. 10b, respectively.) 





Fie. 13.—Taken from cat 91 (Table I, Group 1, p. 376). Ascending degeneration after 
section of the posterior longitudinal bundle on left side. Note degeneration of fibres on the 
_ left side of the area in fig. 35. 


If the experiments and anatomical data contained in Chapter III, § 2, 
be considered, it would seem possible that the cases dealt with in this 
section demonstrate a secondary ascending connexion of the descending 
ramus of the vestibular nucleus. As evidence in support of this view 
are the three cases (VIII, Nos. 18 and 35) where, after lesion of this part 
of Deiters' nucleus rolling movements to the non-operated side followed. 
|. As, however, it was impossible in these three cases to determine posi- 
tively that there was an ascending degeneration in the posterior longi- - 
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tudinal bundle after lesion of the ramus descendens, with the Marchi 
method, one is not justified in drawing any further conclusions. Unless 
we can assume that the axons which ascend from that part of the 
vestibular nucleus form a synapse with an adjoining group of cells— 
e.g., in the nucleus triangularis or nucleus raphe—we are unable to 
explain the exceptional behaviour of the ramus descendens as com- 
pared with all other primary centres of the vestibular nerve. In the 
light of the physiological facts brought forward in §§ 4 and 5 of this 
chapter, ib is interesting that according to Cajal (vol. ii, p. 267) the 
‘collaterals from the posterior longitudinal bundle to the fourth nucleus 
take their origin, without exception, from the lateral parts of the 
posterior longitudinal bundle. 


CHAPTER IV.—A CENTRIFUGAL BUNDLE WHICH CONTROLS THE 
ROLLING MOVEMENTS TO THE NON-OPERATED SIDE. 


In Chapter II the material of this investigation was considered with 
reference to its bearing on the supposition of several authors, anatomists, 
physiologists, and clinicians, that not only the centripetal bundles 
which control the equilibrium of motion in the horizonta] plane form 
an important part in the posterior longitudinal bundle, but that the 
tracts which control that function in a centrifugal sense also find a 
place in this structure. Table II, p. 378, certainly contributes fresh 
evidence in favour of this supposition. In those animals where a 
lesion of the ventral part of the mid-brain is associated with circus 
movements towards the side of the lesion the probability is certainly 
furnished of the existence of a descending bundle which originates in 
the region of the posterior commissure. The experiments not only 
confirm the law of Schiff and Probst (“after hemisection of the posterior 
part of the optic thalamus circus-movements follow to the side of the 
lesion ”), but they furnish experimental data which tend to prove that 
in such cases the lesion of a certain group of cells and the consequent 
degeneration in the extreme mesial part of the posterior longitudinal 
bundle are responsible for this form of forced movements. The con- 
clusion is therefore arrived at that the maintenance of the equilibrium 
in the horizontal plane is assured by a double system of ascending 
connexions situated on either side of the mesial line, and also by a 
descending tract between the posterior commissure and the region of 
the vestibular nuclei. This system of tracts shows distinct connexions ` 
with the nuclei of the ocular nerves, which are quite sufficient to 
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explain the conjugate deviation of the eyes in the horizontal plane 
which regularly accompanies the circus movements." 

Owing to the descending connexions with the medulla oblongata, 
the concomitant action of the neck, trunk, and extremities may 
be regarded as assured. By means of this double system the com- 
pensatory movements of the head and eyes are accomplished after 
unuateral lesion of the tracts, either ascending or descending, which 
are associated with circus movement and conjugate deviation in the 
horizontal plane of the eyes. 

In conclusion, the experiments made in connexion with this in- 
vestigation are examined as to their bearing on the question of the 
arrangements for rotatory movement, or locomotion in & plane vertical 
to the long axis of the animal. Is there an arrangement of tracts 
similar to that involved in the forced movements already discussed ? 

Physiologists, anatomists, and clinicians have shown less interest 
in this problem than in that dealing with the circus movement and 
conjugate deviation in the horizontal plane. This is partly due to the 
fact that this particular form of conjugated deviation (Hertwig- 
Magendie squint) is only rarely met with in pathological conditions, 
and also because the rolling and allied phenomena seen in physiological 
experiments are but very imperfectly understood. 

Vulpian [159], Schwahn [145], Russell [138], and recently Biehl 
[21], have proved that as a forced movement or as a forced position it 


1 The conjugate deviation of the eyes and neck is directed, as a rule, towards the same 
side as the oirous movement, but Grasset [66] maintains there are exceptions to this rule. 
This author observed a case where there was conjugate deviation of the eyes to one side and 
lateral deviation of head to the other side. He ascribed this occurrence to an uncommon 
combination of lesion in different tracts. A case which illustrates this better is that reported 
by Kooyker [88] where a hemorrhage had occurred in the upper part of the internal capsule 
on the right side. As a result, there was conjugate deviation of eyes to the right and 
deviation of the head to the left side so long as the symptoms of irritation were present. It 
must be admitted that besides the destruction of some tracts others were probably subjected 
to irritative lesions. (Of. Chapter VIT.) À 

Another very common combination in all classes of vertebrates (cf. 211 and 217, p. 107) is 
circus movement to one side and rolling movement to the other. This is, of course, easily 
explained by the peculiar arrangement of the ascending vestibulo-mesencephalio and the 
descending mesencephalic tracts (fig. 14). This rule also has its exceptions which oan be 
accounted for by an unusual combination of lesion. Thus in No. 108 (ef. Group 11 of 
the table) the interstitio-spinal tract on one side and the commissuro-medullary tract on the 
other side are degenerated, while the animal shows a rolling movement to the left side, com- 
bined with a circus movement to the same side. In sharks and frogs I found this association 
of olrous movements to one and rolling movements to the other side a very common combina- 
tion; algo in ootopods after extirpation of one otolith [110]. It is of interest to note that 
equally in crustaceans unilateral lesions of the central plexus is associated, with circus 
movement to the intact side and rolling movement to the other side [47]. 
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appears especially after lesion of the restiform bodies! Hogyes [70], and 
Kubo [84] have noted this form of squint as & reflex phenomenon 
brought on by certain passive rotations of the head. Hunnius [75], 
MacGregor [97], and Stewart and Holmes [71], have found it in 
cases of cerebellar and pontine tumours. Friedberg [60] and 
Meynert also observed true rolling movements. In diseases of sheep 
it appears to have distinct diagnostic value [152]. An extensive 
literature such as there is on the subject of conjugate deviation in the 
horizontal plane is quite lacking. 

The rare occurrence of the.skew deviation in the higher organized 
animals with & combined visual field is explained by Clarke, working 
jn Horsley’s laboratory, as a vestigial trace of a former phylogenetic 
condition where this form of squint was a useful reflex mechanism 
associated with monocular vision! Where so little is known about the 
phenomenon and the centripetal tracts controlling it in experiment or 
in disease, it is not surprising that, so far as I am aware at least, the 
problem as to whether there exists a tract or centre, the descending 
degeneration or lesion of which is associated with a rolling movement 
round the axis of the body and other minor allied symptoms, has not 
. arisen. ‘This problem is embodied in the question as to whether in the 
present investigation there is any experimental evidence of a descending 
tract originating from a centre in the region of the posterior com- 
missure which when degenerated is associated with rolling movements 
and allied phenomena. 

The Table II and Chapter II afford information about the 
tracts which were found to be degenerated in or about the posterior 
longitudinal bundle after lesion in the region of the posterior com- 
missure. They are: (1) the fine fibred commissuro-medullary bundle; 
(2) the thick fibred interstitio-spinal tract; (3) the bundle lateral to 
the posterior longitudinal bundle described by Probst, Economo and 
Karplus, and van Valkenburg [158]. From the physiological analysis 


ı The author disposes of several extensive degenerations of this body in animals that 
performed no forced’ movements, 


2 The interstitial nucleus was recognized to be an anatomical entity in fishes by Fritsch 
and Mayser before Cajal (1896) described it; the nucleus commissure posterioris, lying caudally 
to the radiation of the posterior commissure, by Darkschewitoh. The commissuro-med 
tract was not, so far as I am aware, desoribed until my paper appeared in 1912 [108]. In this 
paper I desorlbed the origin and termination of this tract, and of the interstitio-spinal tract 
of Boyce and Oajal (1895). The same subject was dealt with in a second paper which was 
published in 1918 [109] The existence of the commissuro-medullary tract was, however, 
strongly indicated by (the interesting data collected by Kohnstamm and Quensel [80] on 
axonal reactions in the commissural region after a lesion of more caudal parts. 
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'of the cases where circus movement was found, i& seemed highly 
probable that the commissuro-medullary bundle is the centrifugal tract 
controlling this movement. 

In this connexion (rolling movements) we have to consider the 
second; and third of the descending bundles especially. If, the cases 
where the rolling movements or some of the allied minor phenomena 
were maintained for a longer period be picked out, then the Cases 
107 and 108, the case ‚of Probst and that of cat No. 3, recorded by 
Economo and Karplus, stand apart. From the consideration of these 
cases it was concluded that the interstitio-spinal tract was degenerated 
on the side of the lesion in the post-thalamic region. Further, in these 
animals the rolling movements or allied phenomena were always 
towards the normal side. The question now arises: Is this a simple 
coincidence or is the rotation dependent on the degeneration of the 
centrifugal limb of a reflex mechanism for the equilibrium in the plane 
vertical to the long axis of the animal ? 
| As yet I do not consider that sufficient evidence has been collected 

to allow of a definite decision being come to on this point, but the 
‘question is one well worthy of further investigation. 

Only in very localized lesions in the region of the gestes 
commissure. was it possible to localize the probable origin of the 
interstitio-spinal tract, as the Marchi method in most cases is worthless 
for recognizing definite cell groups. 

Case 108 (fig. 7) afforded evidence for determining the lateral 
boundary of the origin of this tract, while Case 23 afforded evidence 
for the dorsal boundary. From such evidence the identity of this 
nucleus and tract with that described by Cajal is established, while 
they are definitely differentiated from the nucleus of the posterior 
commissure and its commissuro-medullary bundle. 

The tract lateral to the posterior longitudinal bundle was first 
described by Probst [124, vol. xxiii, p. 54], and later by Economo and 
Karplus [78], and Besta [17]. It consists of a bundle of widespread 
delicate fibres which originate in the prerubral region, and, as shown 
in Case 108 (not in the figure), appear lateral to the nucleus inter- 
stitialis. It does not enter into relation with the third nucleus but 
descends on'the same side latero-ventrally to the posterior longitudinal 
bundle, terminating in the ganglion tegmenti profundum (Gudden) 
immediately ‘caudal to the fourth nucleus. 

As already stated, I am not prepared either to deny or affirm that - 
this tract has anything to do with the functions discussed in this paper. 
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I would, however, point out that it is exceedingly improbable that this 
tract corresponds with the descending tract of Collier and Buzzard 
[42], since in my preparations none of its fibres descend lower than 
the pontine region. 

A study of the various lesions of the posterior commissure described 
by the above-mentioned authors and myself, leads to the conclusion that 
these fibres do not cross the commissure or the raphe. From the 
direction of the fibres it would seem that they originated in the nucleus 
intra-commissuralis of the same side, which lies in the middle of the 
commissure, antero-posteriorly. This nucleus, according to Kohnstamm 
[80], does not degenerate after hemisection of the cord, but after lesion 
of the brain-stem.  Economo and Karplus [78], however, advance the 
theory that this tract originates in the corpus mammillare (p. 3965, 
cat No. 3), while also the observations of Probst, Lewandowsky, Flat- 
schek and van Valkenburg [158] seem to lend confirmation to the view 
that it is part of the tractus mammillo-tegmentalis. 

On the whole the results of the present investigation tend to show 
that & lesion of the nucleus interstitialis (Cajal) is followed by a rolling 
movement towards the opposite side from the lesion. This direction of 
the movement is in agreement with the results obtained by v. Bechterew 
[10] in his experiments on the infundibular region in dogs. 

In these cases the fasciculus interstitio-spinalis was found degenerated 
with such regularity that it seems highly probable that it contains the 
centrifugal limb of the superimposed vestibular reflex arc dealing with 
this function. Knoll [79] and Topolanski [155] by electrical stimula- 
tion of the region of the posterior commissure caused rolling move- 
ments towards the side of the irritation, 1.e., opposite to the direction 
observed in my cases of direct lesion’, 

In this connexion if may be recalled that hemisection of the base 
of the mid-brain of the frog and fishes causes, according to Steiner, 
circus movements towards the non-sectioned side; this again is in 
accordance with our results with section of the posterior longitudinal 

‘bundle caudal to the nuclei of the posterior commissure. According 
to my own experiments on frogs and sharks the accordance between 
the experiments in lower and higher animals in this structure goes 
still further, in that also the lower animals, in performing this circus 


1 Pathological observations regarding this matter seem to be wanting. The only case, so 
far as I know, which was examined with the Marchi method was Oase 4, recorded by Roussy 
[185], where the left eye is described as turned downwards, while the fasciculus interstitio- 
spinalis was degenerated. 
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movement, show a tendency to roll to the side of the lesion (cf. Flourens 
and Baudelot). A fundamental difference in these groups of animals lies 
however in the fact that in the lower ones no lesion oral to the com- 
missura posterior brings about forced movements, whereas in the higher 
animals they do, the direction of these movements being inverse to 
that caused by a lesion of the posterior longitudinal bundle. Physio- 
logically speaking, we have probably to deal here with a very old 
phylogenetic arrahgement. At least it is interesting to note that 
Wallenberg [164, p. 393] came to the conclusion, on purely anatomical 
grounds, that the ventro-median part of the thalamencephalon of 
vertebrates subserves octavo-lateral functions, and is phylogenetically 
of far older date than the dorso-lateral part, which represents a recent 
acquisition and is associated with somatic sensory impulses. 

The literature on the effects of the prosencephalon on conjugate 
deviation in the lower animals is very scanty and unsatisfactory. Boyce 
and Warrington [29] observed that in birds stimulation of the lateral 
ventral part of the fore-brain, or the origin of the strio-mesencephalic 
tract, is associated with conjugate deviation of the head and eyes to 
the other side. In fish, amphibians, and reptiles, both the free move- 
ment of the head and neck in the horizontal plane and the cerebral 
centre for this movement are probably too poorly developed to allow 
of the demonstration of conjugate deviation by electrical stimulation 
of the striate connexion of the posterior commissural nucleus. It has 
been shown above that in these animals, as in birds, the removal of one 
cerebral hemisphere does not produce the circus movements or 
conjugate deviation towards the side of the lesion seen in all the 
higher vertebrates (cf. Chapter VD). 


CHAPTER V.—CONCLUSIONS AND DISOUSSION OF RESULTS. 


§ 1—Plan adopted. 


The main object of this paper is to attempt to analyse the com- 
plicated vestibular system with its ascending and descending connexions 
by physiological and anatomical methods. Since it was demonstrated 
in a former investigation that a lesion of the posterior longitudinal 
bundle is primarily associated with two forced movements, it seemed 
possible that a study of these movements might help to elucidate a 
number of fundamental points, about the structure and function of 
Deiters’ region and the posterior longitudinal bundle formation, where 
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 &purely anatomical analysis fails! Thus Flechsig, v. Bechterew, Ziehen, 
and particularly Hösel [72] have drawn attention to the fact that 
some strands in the medulla and the posterior longitudinal bundle are 
the first to become myelinated. The presence of the posterior longi- 
tudinal bundle. as & separate tract even in the lowest vertebrates, 
including the eyeless mammals, is but imperfectly understood. Further, 
it has long been known [116] that in embryonic rays, as soon as locomo- 
tion is possible, a fine puncture involving the posterior longitudinal 
bundle region causes vehement rolling movements so long as the 
umbilical cord permits. 

These, facts led us to adopt the phenomena observed after & 
localized lesion of the posterior longitudinal bundle formation as a 
starting point for such an analysis. 


$ 2.—Forced Movements and Senucircular Canals. 


In this analysis the vestibular nuclei must be considered as a 
system of cell masses, each one of which controls the condition of 
equilibrium in one of two different planes, and fa provided with 
separate ascending and descending connexions. 

Flourens [57], Spamer and particularly Breuer [31] and Kubo [84] 
have proved that irritation of any semicircular canal elicits movements 
in the plane coinciding with the canal experimented upon. Breuer and 
Kubo lay stress upon the fact that movement of the labyrinthine fluid 
"towards the ampulla causes reflexly a conjugated movement of the 
eyeballs, in the direction opposite to that caused by movement of the 
fluid from the ampulla. Ewald [52] equally insists that each labyrinth 
rotates the head and eyes to either side, Hach canal therefore should 
have a double representation in Deiters’ complex. Hence in the 
schematic representation of the results of this investigation (fig. 14), 


1 Although I personally prefer the Marchi method (Busch’s modification) to any other, 
even to the combination of the Marchi and Nissl methods, which is increasing in popularity, 
yet I consider it inadequate to decide such questions as to whether the vestibular fibres 
terminate in Deiters’ nucleus proper or not, In this region one 18 particularly liable to 
fall a victim to false conclusions, since any lesion of the posterior brain cavity, even the 
removal of-the bone, may bring about slight degenerations in the cell masses. Here there. 
fore is an opening for anatomo-physiological research, based upon a large un of 
experiments. 

3 In this communication the cell masses and ascending connexions which control forced 
movements in the third plane, that is the plane coinciding with the long axis of the body 
vertical to the horizontal plane and in which cae | and Staggering occar, are not 
discussed. . 
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a close functional relation is anticipated between the horizontal canal 
and Deiters’ nucleus (triangular part), together with Bechterew’s 
nucleus, and also between the anterior vertical canal and the descending 
branch of the nucleus vestibularis, together with the dorsal part of 
Deiters’ nucleus. Should this relationship prove to be anatomically 
correct it does not of course indicate that the two forced movements, 
conjugated deviation and reflex nystagmus, coincide with the planes of 
the canals. It is almost certain that the anatomical arrangement of 
the skull and the customary mode of progression of the animal will also 
play a part. The latter factor will undoubtedly influence all reflex 
phenomena dependent on the vestibular system [32]. It may also be 
responsible for the prevalence of rolling movements after labyrinthine 
lesions in most vertebrates ' for, according to Breuer [31], the mobility 
of those animals is most dependent on equilibration, in the plane 
vertical to their long axis.  Biach and Bauer [19] came to a 
similar conclusion, a result of their own experiments and those 
of Marburg and Bing on the ascending spino-cerebellar tract. In my 
schematic diagram (fig. 14) no reference is made to the otoliths which 
are probably, as Breuer [31], Kreidl and Kubo [84] believe, connected 
with the perception of hnear movement, while the semicircular 
canals are associated with the perception of angular movement. Both . 
organs are evidently closely associated in their action, and there is no 
doubt ‘that hardly any movement of the head is associated with the 
stimulation of one semicircular canal only (Ewald [51] ). 


§ 3.—Character and Mechanism of the Forced Movements, in Lower 
and Higher Animals. 


Although in the anatomical and physiological analysis of the posterior 
longitudinal bundle formation dealt with in this paper, parallels have 
more than once been drawn between, the two forms of forced move- 
ments, if must be borne in mind that, from a physiological standpoint, 
the character of these movements, circus and rolling, is very different. 
The rolling movements when present and well developed are mostly 
characterized by their vehement nature, while the circus movements are 


! An exception to this rule is found in turtles, where the shape of the carapace prevents 
any falling to the side. In these animals even lesions in the region of Deiters’ nucleus 
do not apparently cause true rolling movements (Fano, Bickel [20]). 


M 
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quieter and more deliberate. Where both are present in a medullary - 
lesion the rolling movements are nearly always the more conspicuous, 
in fact it is only after the rolling movements have been partly com- 
pensated for that the tendency to go to one side manifests itself; if both 
are present in thalamic and quadrigeminal lesions, the circus move- 
ments are far more pronounced. 

Usually, owing to the peculiar arrangement of the ascending and 
descending tracts in the posterior longitudinal bundle formation, sub- 
serving these functions, circus movement to one side is accompanied 
by ‘rolling movements to the other side. This rule has in a large 
number of experiments its exceptions, owing to peculiar situation of 
the lesion. On this ground, as on many others, Brown-Séquard’s and 
Prévost’s doctrine on the identity of the two types of forced movements 
can no longer be maintained. This theory has until very recently found 
supporters amongst physiologists. 

In a physiological sense, there are even more points of difference 
between the two forms of forced movement. Goltz has shown that 
after bilateral section of the cerebrospinal stem in the frog, the hind 
part of the brain which is still in connexion with the vestibular 
apparatus is sufficient to maintain equilibrium in the vertical plane, 
vertical to the long axis. If the animal be laid on its side it 
returns to the normal position, executing a rolling movement. From 
this the'conclusion seems inevitable that for the maintenance of the 
equilibrium in the plane vertical to the long axis of the animal the peri- 
pheral reflex arc in the frog (anterior vertical canal—Deiters’ complex 
—descending tracts into the spinal cord) 1s endowed with a certain amount 
of autonomy. It has not yet been proved that the lower vertebrates 
have like the higher a mesencephalic reflex arc in the posterior longi- 
tudinal bundle formation, which, with the medullary reflex arc, dominates 
the compensatory movements in the vertical and horizontal planes, but 
it is possible that such an arc does exist. It is noteworthy that in the 
lower vertebrates the direction of the forced movements does not change 
when the lesion extends to the region of the posterior commissure. 

As to the higher animals, attention may be ‘here drawn to the fact 
that both the peripheral reflex centres (for both types of forced move- 
ments) are provided with spinal axons, but far more important in one 
case than in the other. It may be recalled that the axons from Deiters’ 
nucleus, as well as those from the nucleus interstitialis, descend into 
the sacral region, while from .the Bechterew nucleus and from the 
nucleus commissure posterioris, they rarely reach beyond the cervical 
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region. If these physiological and anatomical differences be kept in 
view, and also the opinion urged by Breuer that the equilibriam in the 
plane vertical to the long axis of the animal is extremely delicate, more 
especially in quadruped vertebrates, and therefore in need of constant 
adjustment, it is evident that the different characteristics of the forced 
movements after cerebral lesion appear in a new light. The fact that 
distinct rolling movements are never observed after cortical lesions of 
the cerebral hemisphere supports the view taken by Hughlings Jackson, 
that the cerebellum acts as a reinforcing organ for the function of 
gait and station represented in the mesencephalon, independently from 
the pyramidal tracts. Prus [127], in his experiments, demonstrated 
that the co-ordinated running about movements induced by stimulation 
of the lenticular nucleus are not interfered with by section of the 
pyramidal tracts. 

Further the experiments of Mingazzini [101], Probst [123], 
Karplus and myself, all furnish evidence in favour of the view 
that the pyramidal tracts have little influence on locomotion in the 
quadruped. 

The readjustment of the normal position in a plane vertical to the 
long axis of the animal requires an instantaneous activity of its reflex 
arcs. J hold that the tonic influence of the cerebellum [Luciani 95] by 
virtue of its relationship with the vestibular and kinesthetic impulses 
(Jelgersma, Lewandowsky, and Lusanna’s doctrine) is an indispensable 
factor. Its absence in cerebellar disease has lately been clearly demon- 
strated by Babinskı’s adiadokokinesis. Thomas [154] and Cajal rightly 
insist that the reflex arrangement, which brings about instantaneously 
the compensatory movements that ensure the maintenance of the 
equilibrium during any voluntary movement, largely depends on 
vestibulo-cerebellar connexions and the cerebellum. Whether, as 
Bolk [26] and van, Rynberk [139] think, this function has a definite 
localization in the cerebellar lobes is uncertain, but it seems rather 
probable, since the afferent tracts are not spread diffusely over the 
entire organ. Magnus and de Kleyn’s labyrinthine reflexes depend 
probably exclusively on our peripheral reflex arcs, which, by virtue of 
the transverse section in the mid-brain, have acquired & certain amount 
of autonomy. l 


! It is also very interesting to note the fact recorded in the paper of Magnus and 
de Kleyn [98] that rotation of the head influences reflexly the innervation of the extremities 
and consequently their position. Lateral deviation in the same mammals has, on the other 
hand, no apparent influence. 


STUDY OF THE POSTERIOR LONGITUDINAL BUNDLE 403 


$ 4.—Forced Movements after Lesion of Deiters’ i and 
Ascending Connexions. 


As the result of experiments on different parts of Deiters’ complex, 
the following conclusions have beer come to. As regards locomotion 
in the horizontal plane :— 

(1) Cireus movement towards the "T side ig seen after lesion 
of the triangular part of Deiters’ nucleus and after destruction of its 
crossed vestibulo-mesencephalic tract, originating in this nucleus. 

(2) The circus movement, or rather conjugate deviation, is towards 
the non-affected side after lesion of Bechterew’s nucleus and the 
homolateral vestibulo-mesencephalic bundle which originates in this 
nucleus. 

It is therefore physiologically demonstrated that there is a functional 
-difference between these nuclei and also between their ascending and 
descending connexions. 

As regards the locomotion in the vertical plane, vertical to the long 
axis of-the body, experiments on the ramus descendens of the vestibular 
nucleus and on the magno-cellular dorsal portion of Deiters’ nucleus, 
or Deiters’ nucleus proper, lead to forced movements in this plane. 

(3) Rolling movements towards the affected side are seen after lesions 
: of Deiters’ nucleus proper, and the lateral horn of the posterior longi- 
tudinal bundle of the same side or tractus vestibulo-tegmentalis lateralis, 
that originates in that nucleus. 

(4): Rolling movements towards the non-affected side appear to occur 
after lesion of the descending branch of the vestibular nucleus, and also, 
it appears, in some cases after a local lesion in the mesial portion of the 
lateral horn of the posterior longitudinal bundle on the same side. 
"This bundle, if proven to exist, may probably be termed the tractus 
vestibulo-tegmentalis medialis. 

From these anatomical and physiological facts we are inclined to 
infer that the horizontal and anterior vertical canals of each side are 
doubly represented in the vestibular complex of that side. 


$ 5.—Localization of Tracts in the Posterior Longitudinal 
Bundle Formation. : 


In fig. 14 the relative positions of the six tracts which lie in 
ihe posterior longitudinal bundle formation and conirol the forced 
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Fia. 14.—fSchematic representation of tracts and centres, discussed in this paper. 
According to Bernheimer, the hemispheral connections with the nucleus commissure 
posteri should be exolusively crossed ones. 
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movements in the two planes! are demonstrated. In the innermost 
segment lies the finely granular tractus commissuro-medullaris and the 
coarsely granular tractus interstitio-spinalis. The rest of the posterior 
longitudinal bundle formation consists exclusively of centripetal tracts 
which ascend from Deiters’ complex. The ascending fibres lying in the 
posterior longitudinal bundle are arranged in the following manner 
from within out: First is the crossed tract which ascends from the 
nucleus triangularis; next is the homolateral vestibulo-mesencephalic 
tract which ascends from Bechterew’s nucleus. The tractus vestibulo- 
tegmentalis lateralis, which is an ascending tract from  Deiters' 
nucleus- proper, lies in the most lateral part of the posterior longi- 
tudinal bundle, while a tractus vestibulo-tegmentalis medialis, possibly 
originating from the ramus descendens, is supposed to lie mesial to it. 

Generally speaking, therefore, the centrifugal fibres lie in the cat at 
the inner margin of the posterior longitudinal bundle. Next in order 
are the crossed fibres, and then the homolateral fibres (this agrees with 
Wallenberg's findings in birds). The bulk of the fibres of the posterior 
longitudinal bundle formation, oral to the vestibular complex, is there- 
fore composed of tracts carrying centripetal impulses associated with 
_ the equilibrium of motion in the two principal planes. Since the 
centrifugal tracts which participate in the posterior longitudinal bundle 
formation appear to be equally associated with locomotion in these 
planes, the supposition advanced by Cajal, Spitzer [149], Kohnstamm 
[81], Hogyes, Marina [100], and others, that the posterior longitudinal 
bundle formation in the brain-stem and medulla is primarily associated 
with reflex locomotion in these planes, together with allied compen- 
satory movements necessary for equilibration, seems justifiable. 

The only nerves which besides the vestibular have an important 
reflex action on this system are the optic and acoustic (less so the 
olfactory) nerves; all three are situated orally to the vestibular complex. 
It is not surprising, therefore, that, as the researches of Wallenberg, 
Fraser [59], Probst, and Kohnstamm have shown, there are probably 
no centripetal fibres below the vestibular complex at all. 

` When the results of a series of lesions made in the posterior longi- 
tudinal bundle formation from the vestibular complex to the posterior 
commissure are considered from the physiological standpoint, two facts 
! It will be shown, in a subsequent paper, that the forced movements in a plane vertical 
to the longitudinal axis of the animal, such as staggering and tumbling, are also controlled 
by similar nuclei and tracts. Wallenberg’s basal olfactory bundle and ıts fibres joining the 


posterlor longitudinal bundle and Tsohermak’s (from the central median nucleus?) ascend- 
ing fibres in the same fasciole are not taken into consideration in this study. 
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become evident. First, the forced movements caused by sscending 
degeneration of the vestibulo-mesencephalic and vestibulo-tegmental 
tracts are of correspondingly shorter duration the nearer the lesion is 
to the posterior commissure. As a matter of fact, it has also been noted 
by v. Bechterew [12] and Lewandowsky [89] that forced movements 
after mesencephalic lesions are of a less pronounced character than 
those seen after lesion of the posterior longitudinal bundle formation, 
and of a far less pronounced character than those occurring after lesion 
of the vestibular complex. 


This I formerly held to be due to the fact that the degeneration of the 
nerve-sheaths progresses at a certain rate, and the stimulation necessary for 
the production of those forced movements, being dependent on this degenera- 
tion, is naturally more transient the nearer the lesion is to the end station. 
It is interesting to note that, according to the statement by Kohnstamm and 
Quensel [80] , the tigrolytio action is better marked the nearer the lesion of the 
axis-cylinder is to the end station. Since, however, I got convincing proof, 
from experiments in the thalamic region, that the forced movements of a 
longer duration are probably always due to a deficiency of the nerve influences 
on the one side and the unantagonized action of the analogous structures 
on the other side, a simpler explanation offers itself. It is this, the functional 
arrangement of the ascending vestibular system is such that the further the 
lesion is from the vestibular region the more easily and completely does the 
compensatory mechanism step in. This holds good particularly for rolling 
movements. We are not, however, prepared to give anatomical data in support 
of this generalization. 


~ 


Secondly, it appears evident that in the higher mammals in a series 
of lesions, from below upwards, the direction of both forced move- 
ments changes abruptly as soon as the region of the posterior com- 
missure is reached. In the lower animals (fishes and reptiles),-on the 
other hand, forced movements are absent after lesions lying higher in 
the cerebrospinal axis than that commissure. 


I held formerly that this change of direction of forced movements in higher 
mammals was due to the fact that the major irritation which is dependent on 
the ascending degeneration of the above mentioned tracts, and which acts by 
means of the posterior commissure on the heterolateral reflex centre, is put 
out of action, while the weaker stimulus of the descending degeneration of the 
commissuro-medullary and the interstitio-spinal tract comes into foree. Later 
observations in lower animals led to the belief that in these simpler creatures 
the ascending vestibular system stops short in the mesencephalon ; where, as in ' 
the higher ones, the superimposed reflex centres are linked to newly acquired 
neurons in the striate body, thalamus and pallium (Ariens Kappers [3)). 
Hence in reptiles ablation of a cerebral hemisphere causes no circus movement 
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to the side of lesion, nor does faradic stimulation of the striate body cause 
conjugate deviation of head and eyes to the other side, as it does in all higher 
vertebrates, including birds. 


CHAPTER Vl.—FonckED MOVEMENTS AFTER A LESION IN THE MESEN- 
CEPHALIO AND THALAMIC REGIONS: THE SUPERIMPOSED REFLEX 
Arc AND ITS AFFERENT SYSTEMS. 


As regards the constituents of the posterior longitudinal bundle 
formation, fresh evidence is afforded by the former chapters in support 
of the view taken by other workers that this bundle contains centrifugal 
as well as centripetal bundles, and further arguments are brought for- 
ward that these centrifugal’ tracts control the equilibrium of movement 
in two planes. 

It-appeared probable that the portet E bundle is the 
carrier of the centrifugal limb of the superimposed reflex mechanism 
concerned with the circus movements, while the interstitio-spinal tract 
is considered the centrifugal one for the rolling movements. 

In the controversy on the anatomical side of this subject, between 
Cajal [40] and de Lange, as to the mesencephalic descending fibres 
passing into the posterior longitudinal bundle formation certain state- 
ments made by both authors may be taken as correct. For example, 
Cajal describes a strand of fibres passing downwards from the 
interstitial nucleus in the innermost portion of the posterior longi- 
tudinal bundle, while de Lange [86] describes & similar strand of 
descending fibres in the same part of the posterior longitudinal bundle, 
but shows that it originates in the nucleus of the posterior commissure. 
As we have seen in Chapters II and IV, we deal here with two different 
tracts, each having its own origin and termination, the fibres from the : 
interstitial nucleus passing far down into the cord, while those from the 
nucleus of the posterior commissure do not extend beyond the medullary 
region. Arguments are also brought forward to prove that the two 
tracts subserve different functions. From a study of the results 
following different lesions in the hypothalamic region and mid-brain, 
it would appear that forced movements which persist, mostly occur 
when the region of the nucleus interstitialis and the nucleus of the 
posterior commissure is injured. In such cases the tracts just described 
are more or less degenerated. 

With these facts to go on one is led to a different conclusion from 
that arrived at by Boyce [28], who, in discussing-the-forced movements 
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and positions, observed after similar lesions, remarked, “It would of 
course bé difficult, with the slight knowledge before us, to attempt an 
explanation of these phenomena"; Probst’s similar opinion was 
expressed in 1900 [124]. l 

Sufficient advance has been made in recent years in our knowledge 
of the minute anatomy of the brain, thanks to the London, Vienna, 
Paris, Frankfort, Madrid and Amsterdam! schools of anatomy, to 
ascertain some details of the anatomical structure of both the peri- 
pheral and superimposed vestibular reflex arcs. Two peripheral arcs on 
either side may deal with the compensatory movements in both the hori- 
zontal plane and the plane vertical to the long axis. Ascending fibres 
pass from those double systems to the mesencephalic or hypothalamic 
nuclei. The arrangement of the fibres, moreover, which pass to those 
nuclei from the posterior commissure and the cerebral hemisphere is 
such that a lesion of the nuclei, or of the region immediately oral and 
lateral to them, is followed by a change in the direction of the forced 
movements. 

The question now arises, have we sufficient anatomical knowledge to 
trace out accurately the course of these secondary ascending vestibular 
fibres into the mesencephalic nuclei? It must be frankly admitted that 
the present methods for staining medullated nerve-fibres are inadequate. 

In the case of rolling movements it is even more difficult to demon- 
strate a complete reflex arc than for circus movements. In the 
schematic drawing appended the vestibulo-mesencephalic tracts, which — 
control the circus movements centripetally, terminate near the posterior 
commissural nucleus. So far, my efforts to trace the vestibulo-tegmental 
tract up to its nodular point have failed, although the nucleus inter- 
stitialis has been demonstrated, as far as this physiologically seems 
possible, as controlling the rolling movements centrifugally. ` It must, 
however, be remembered that the Marchi method, which was used, 
is only effective with myelinated nerve-fibres. 


In order to judge by means of a method that brings the non-medullated 
nerve-fibres to evidence, about the anatomical connexions of the commissural. 
nuclei (nue. commissur. post. and nue. interstitialis), I have, with Dr. Bok, 
carefully examined frontal and sagittal series of sections through chicks’ brains, 
stained after Cajal’s silver method. It was easy to confirm Cajal’s Sees 


’ Pewonally 1 feel particularly indebted to Dr. Ariens Kappers for his gaudio. to use 
his private anatomical library and that of the Dutch Central Brain Institute, and to Prof, 
O. Winkler, and also Dr. van Valkenburg, for having more than once looked into my series 
of specimens, and to all of them for having given useful suggestions. 









hat the m pajority iri sterior E 
ut beside that we found. nai. Wie Nh ihe axons ‘tak s pct towards a 3 
nto the »postei ior commissure (ventral division). "We saw no axons take an 
oral direction, but convinced ourselves that the dend tes of a good number of 
cells of the nuc.. commissure posterioris are directed towards the oral and. 
|. ventral parts. This suggests accepting ihe theory, defended by Tretjakoff and 
other anatomists, that the dendrites grow out towards the side from which the 
o ^ impulses arrive-—that a good number of centrifugal striatal connexions exist 
in the chick at least that innervate the nuclei in question. 












































































For the anatomical details of the mesencephalic nuclei themselves 
I must refer to the masterly description given by Ramon y Cajal [40] 
and to the work of Dejerine [44], who considers that they belong to 
the ganglia of the. central Brey matter. In my ‘own investigations I 
dave found, even in selachians, the characteristic large cells of the 
interstitial nucleus which spread over a large i area, and the more 
definitely. localized small-cell nucleus of the posterior commissure. 

| Passing next to the consideration of the physiological significance of 
the parts oral. to those nuclei, we find that we rust confine ourselves . 
to the higher vertebrates, since only in this class. does a lesion of the 
mesencephalic | nuclei and the tracts cephalic to them cause forced 
movements at all, the direction. of the moveme it being opposite to 
those associated with unilateral lesion of the posterior longitudinal 
bundle. In this” ‘connexion it is interesting to find that all authors are 
in agreement ; in fish and amphibians (Steiner [153, p. 83]), reptiles 
(Fano [53] and Bickel (201), and birds, ablation of one cerebral hemi- 
sphere is not associated with the development of forced movements. 
My own experiments, which deal particularly with cats, are in complete 
agreement with those of Schiff [144], who-stated that no local cortical 
lesion ıs followed by circus movements which c ontinue for any length 
of time. A lesion of the deeper parts, such as the striate body or the 
lateral parts. of. the thalamus, is, however, followec by circus movements, 

. and conjugate deviation of the eyeballs towards the side of the lesion. 
This condition may persist for a longer period. - tis interesting to note 
that the circus movement towards the side of the lesion is usually 

; " accompanied by a slight rotation round the bodily axis towards the 
.. non- -operated side. | This fact was also noted by Prévost [122]. From 

| an ‘examination. of my own material I find in 1 ese cases a strand of | 
i degenerated . nerve fibres, which runs in a la o-median and slightly 
antero-posteri lor direction — through the exte al medullary lamina, 
spreads out in the. field of Forel, and disappe s near the frontal part | 
of the; red nucleus (gs. 15a and 15). 
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Fig. 15b. 
Fics. 15a, 155,— Cross sections from cat 186. 


Fig. 15a.—Region of the lesion. Destruction on the left side of the ventral part of the 
striate body. 

Fig. 15b.—Magnified portion of fig. 15a. Note degenerated strand of fibres in the 
lamina medullaris externa. 
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This strand of fibres lies therefore in the same region in which 
Dejerine [45], Probst [125], and Roussy |135] find that a large number 
of fibres disappear after lesion of the lateral parts of the optic thalamus. 

The first question now is where do those fibres go to?’ 

lt.is interesting to note that Sachs [140], working in Sir Victor 
Horsley's laboratory, reported the case of a rhesus, where the lesion lay 
in the external medullary lamina, and which showed a similar strand 
of degenerated nerve-fibres. This author believes that those fibres 
terminate in the red nucleus. From the evidence already discussed, it 
seems to me more probable that they terminate in the nucleus of the 
posterior commissure, and, from Bernheimer’s experiments, possibly 
in the interstitial nucleus of the opposite side. This view is further 
supported by another case reported by Sachs in which the lesion was 
in the field of Forel; thé same bundle of fibres was degenerated, 
while some fibres in the posterior longitudinal bundle of the same side 
also showed degeneration, proving that the interstitial nucleus (at least 
cells, from which the posterior longitudinal bundle fibres originate) was 
involved in the lesion. 

Where does this bundle of fibres described by Sachs [140] and 
myself originate ? 

Up to the present time no conclusive evidence on this point has been 
furnished by our experiments. At the same time I make the suggestion 
that their origin lies either in the globus pallidus or in the putamen. 
This theory is suggested by the fact that in none of my cases of lesion 
involving the cortex alone were these fibres found degenerated, but only 
when the deeper parts such as the striate body or the lateral parts of 
- the thalamus were involved. It is further supported by the work 
of Sachs [140], who succeeded in tracing a thalamo-fugal tract, lying in 
the same situation and following the same course, from the external 
medullary lamina to the globus pallidus. The data afforded by the 
pathological cases discussed in‘ Chapter VII, together with the 
anatomical data supplied by v. Bechterew [11], Ariens Kappers [3] 
and de Vries seem also to support this theory. 

As regards the physiological significance of this bundle the experi- 
ments of Horsley, Sachs and Clarke [41] appear to speak in the same ` 
sense. They tend to prove that faradic stimulation of the posterior 
third of the lateral nucleus thalami, that is the region in the immediate 
neighbourhood of the external medullary lamina, causes deviation of 
head and eyes to the opposite side. My observation quite fits in here. 
Section of the bundle causes circus movements and conjugate deviation 
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to the side of the lesion. Turning to the records given by other. 
workers I find no arguments against my view in the cases given by 


Probst [125] and Roussy [185]. The older work of v. Monakow [104] : 


and Mingazzini [101] is not suitable for application of this problem, 
since the brains were not examined by the Marchi method. In some 
of the older work by Ferrier and Yeo |56] dealing with suboccipital 
lesions, and in one of Schäfer and Horsley’s experiments |142, Case 6], 
observations of forced movements occurring after lesion of the region 
under discussion are recorded. These movements consisted of conjugate 
deviation to the side of the lesion, falling to one side, or rotation of the 
head towards the uninjured side. 

It is now interesting to see whether any of the old ablation or 
stimulation experiments, carried out when the present anatomical 
knowledge had not been arrived at, serve to confirm or deny the views 
put forward in this paper. The experiments by Adamuk [2] and 
Topolanski [155] are extremely interesting since the gross resections 
of the brain-substance indicate fairly accurately that our commissuro- 
medullary and interstitio-spinal tracts, and also the ascending fibres of 
the posterior longitudinal bundle, are the elements the destruction of 
which destroys the co-ordinated ocular movements induced by electrical 
stimulation of the brain-stem. 

So easily were those movements elicited even with slight currents 
that Knoll [79] suggested that a good many of the results ‘of the 
stimulation experiments of the cerebral cortex really depended upon 
current loops [cf. Mott, Schuster and Sherrington, 105]. It will be 
recalled that Ferrier [54], Schäfer [142], Horsley [14], Beevor and 
Vogt successfully elicited conjugate deviation of the head and eyes by 
stimulation over a large frontal area, while Bernheimer [15] and 
Levinsohn got the same results by stimulating other areas. 

From the clinical point of view Landouzy [85] and Grasset long 
ago pointed out that in disease of the hemisphere conjugate deviation 
of the head and eyes towards the lesion is due to the paralysis of those 
structures which on faradic stimulation cause conjugate deviation towards 
the opposite side. Whether the voluntary impulses from the cerebral 
cortex, which are associated with forced movements or conjugated lateral 
movements of the eyeballs, are at all times transmitted through the 
centrifugal limb of the superimposed reflex arc, as described in 
Chapter ITI and in this chapter, must in the meantime remain an 
open question. It may be, however, admitted that the results of Munk 
[106] and Levinsohn [88] support this suggestion. Further, in the 


iJ 
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light of our results, it seems highly probable that Bernheimer [15] 
is right in believing that these impulses must travel along paths 
situated on the ventral side of the sylvian aqueduct. 

My experiments, taken in conjunction with those of Horsley and 
Sachs, lead to the supposition that the inner portion of the lenticular 
nucleus and its connexions with the nuclei of the posterior commissure 
are associated particularly with the conjugate deviation of the head and 
eyes towards the side of the lesion in the case of destruction, and 
towards the other side with electrical stimulation. Also Ferrier [64] 
found in the genu of the striate body a centre, electrical stimulation of 
which caused conjugate deviation from the side of stimulation. 

Clinical and anatomical observations also tend to corroborate this 
view. Uhthoff [157], in his interesting article dealing with a series 
of anatomical lesions in the cerebral hemisphere in man which had 
caused conjugate deviation during life, describes the lentiform nucleus, 
claustrum, internal capsule, optic thalamus, and caudate nucleus as 
being most frequently involved. Prévost and Broadbent had made 
similar remarks before. Hösel [72] also found that one of the first 
tracts to become medullated is that which connects the region anterior 
to the red nucleus with the globus pallidus. 

All this independent evidence seems to urge the necessity for a, 
further investigation on the relationship between strial and cortical 
influx and the conjugate deviation of the head and eyes, from the newly 
acquired points of view. 


CHAPTER VII.—Consuaate DEVIATION oF Heap AND EYES, AND 
DIFFERENT Forms OF NYSTAGMUS IN CLINIOAL NEUROLOGY. 
THEIR LOCALIZATION VALUE. 


The physiological analysis of the posterior longitudinal bundle 
formation has undoubtedly an important bearing on the clinical problem, 
afforded by the conjugate deviation of both eyes in cerebral disease 
generally, and particularly in pontine disease involving the sixth nucleus. 
Unless the physiological analysis of this formation be taken into con- 
sideration it is impossible to explain the additional conjugate deviation 
of the heterolateral rectus internus, with the rectus externus of the 
diseased side in an organic affection of the sixth nucleus. Foville [58], 
Hughlings Jackson [74], Duval, Wernicke [166], Bleuler [25], 
Bruce [87], Bischoff, Spitzer [149] and others, accept the view that 
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the nervous influx for the lateral movement of both eyes descends to 
the sixth nucleus and ascends to the third nucleus; they also consider 
that there is a recrossing of the pyramidal fibres dealing with this ~ 
movement. 

Many authors have felt the difficulty of accepting this somewhat 
improbable supposition, for which there is further no anatomical basis. 
If, however, the forced movements in the horizonal plane and the closely 
associated conjugate deviation in the same plane be carefully considered 
in the light of the above data, it is evident that there is no need to fall 
back on this theory. 

A full discussion on this subject will be reserved for a later com- 
munication, but it may be said here that, after a careful scrutiny of the 
writings, hardly a case is found where there is not a lesion in the 
posterior longitudinal bundle formation as well as in the sixth 
nucleus. 

If we consider the conjugated deviation [107, p. 216] as a minor 
degree of circus movement as well as a part of it, ıb is seen that 
this conjugate deviation of head and eyes in pontine diseases to the non- 
affected side is closely related to the circus movement towards the 
normal side, seen after one-sided lesion of the posterior longitudinal 
. bundle formation between Deiters’ nucleus and the posterior commissure 
in our experiments. . 

It is quite natural that in primates this forced movement, with 
conjugate deviation of the head and eyes, associated with pontine lesion, 
is to & greater extent under the power of the will than in the case of the 
lower vertebrates, & more or less continuous effort being made to 
counteract it. In fact, in the monkey it is rare to find a regular 
circus movement associated with a conjugate deviation to one side. 
In any case if never amounts to more than a slight circus movement, 
such as 1s seen in cats just before the symptom disappears, which passes, 
leaving a tendency to conjugate deviation of the head and eyes.: Even 
conjugate deviation is overcome in primates with a certain ease. So it 
is that Munk [106], Ferrier and Yeo, as also Hunnius and Bernheimer, 
rightly insist that an unwillingness to look to one side must be looked 
for in the proper cases. Indeed, circus movement and conjugate 
deviation of the eyeballs in the horizontal plane, e.g., to the right 
side, and unwillingness to look to the left side, are all different 
degrees of the same fundamental phenomenon. It is therefore not 
surprising to find the heterolateral eyeball in pontine disease of 
man deviated inward, since a lesion of the eminentia teres and the 
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sixth nucleus by virtue of its vicinity to the posterior longitudinal 
bundle involves this bundle also. In this connexion the cases recorded 
by Rickards [181], Wiersma [167], .Bristowe [33], Byrom Bramwell 
[30], Bruce [37], and Hunt should be examined. 

It is only in cases of pontine tumour with no involvement of the 
posterior longitudinal bundle, but affection of the sixth nerve, that 
the internal rectus muscle of the other side may be expected to act 
normal. Reference may here be made to the work of Graux [67], 
Bennet and Savill [141] and others. 

Regarding conjugated deviation in disease of the hemisphere, 
Wernicke’s case [166] has long been regarded, in the German literature, 
as decisive proof that in man the angular gyrus is a special centre for this 
deviation. Destruction of this centre has long been supposed to cause 
conjugate deviation towards the side of the lesion, while irritation of the 
centre is associated with deviation towards the other side. This theory 
found support in the fact that in monkeys stimulation of the angular gyrua 
with the faradic current causes conjugate deviation to the opposite side. 
A careful scrutiny, however, of the anatomical findings of this case and 
of Prévost’s [193] classical work, and Broadbent’s cases [34], taken in 
the light of our observations on the superimposed vestibular reflex arcs, 
leads to the conclusion that there is considerable doubt on this point 
(Klaas). In Wernicke’s case the third zone of the lenticular nucleus 
was involved as well as the cortex of the angular gyrus. This part of 
the striate body can. therefore not be discarded as a centre in connexion 
with which the symptom of conjugate deviation arises. 

Stimulation of the human cortex by minimal faradic currents has 
never, in my experience, been associated with conjugate deviation, nor, 
so far as I am aware, have Horsley, Krause or Cushing recorded this 
result. Unipolar stimulation is for several reasons, already pointed 
` out in this paper, unsuitable for this purpose. For the present, 
therefore, it seems to'me that the localizing value of the hemispheral 
conjugate deviation must remain sub judice. At the same time, 
I think that the ocular symptoms which occur in cases like No. 11 
of Oppenheim's series [119] where the lenticular nucleus is involved, 
are worthy of considerable attention. If, in addition to paralysis 
of the nucleus abducens of the one side, there are indications of 
some paresis of the internal rectus muscle of the opposite side, when 
both are brought into action simultaneously, the condition may. be 
diagnosed as conjugate deviation to one side or as defective movement 
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to the opposite side. It must not be regarded as a secondary pressure 
symptom. 

It is interesting to note how clinical observations, quite apart from 
physiological research, have led to the appreciation of the fact that a 
destructive lesion of the cerebral hemisphere and optic thalamus is 
, associated with conjugate deviation to the side of the lesion, and that 
& similar unilateral lesion in the pontine region causes the same 
‘deviation from the side of the lesion. 

Long ago Grasset and Landouzy stated, ' Dans les lésions de 
l'hémisphère le malade regarde ses membres convulsés, s'il y & 
excitation, et regarde sa lésion, s'il y a paralysie. A partir d'un certain 
point mal défini, à la limite des parties supérieures et moyennes de la 
protubérance, la formule doit être renversée.” D’Astros [4] writing 
in 1894, considers it impossible to localize this “ reversal point.” 

As a result of the observations now recorded there seems to me to 
be little doubt but that this point is situated in the posterior com- 
missure, probably in the nucleus, both in man and in the lower type 
of mammal exemplified in the cat. 

The question of the exact topographical distribution of conjugate 
deviation in the frontal and occipital regions dealt with by Ferrier, 
Schäfer, Horsley, Marina [100], and that which is discussed in the 
controversy between Luciani [96] and other workers, seems to me 
to be, after what has been said above, only of secondary interest. 
Regarding cerebellar disease, I may recall the fact, dealt with in 
Chapter II, that forced movements were never associated with my 
experiments involving lesions of the cerebellar cortex, or of the PRODAN 
nucleus [8]. i 

The question which Bonnier [27], Launois, Chèze and others have 
attempted to answer as to whether a special Deiters' syndrome 
can be recognized in pontine disease, also lies outside this paper. 

It is quite evident from what has been said regarding forced move- 
ments in quadrupeds that very careful distinction must be made in'man 
between deviation in the horizontal plane and falling to a side. As 
regards the latter phenomenon it seems certain, from the work of 
Marburg [99], that besides the falling movements towards the medullary 
lesion the same movement towards the normal side is not infrequently 
observed. This latter condition is in agreement with the results got 
in my experiments on the ramus descendens of the vestibular nucleus. 
For the most recent observations on this subject I must refer to the 
second case recorded by Wallenberg [161], to the work of Schwarz [146] 
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and to the case of thrombosis of the posterior inferior cerebellar artery 
recorded by Goldstein and Baum [64]. It seems, however, to be the 
general rule in man, as in the cat, that a lesion of the vestibular nerve- 
roots and of the more oral parts of Deiters’ complex are associated with 
falling to the side of the lesion. This phenomenon of falling to the 
side must be specially examined in man since the, erect posture makes 
-it impossible to bring it quite into line with the condition as it occurs 
in quadrupeds, where it really is a minor degree of the rolling 


. movements. 


From my observations [107, 113] on the direction of the different 
forms of nystagmus found associated with lesion of the hind-brain which 
have been confirmed and extended by Bárány [6], there can be little 
doubt but that the mechanism in such cases is as complicated as that 
described for the forced movements, and that the two mechanisms are 
‘closely related. I will merely recall that some authors (Marburg and 
Bartels) believe that the rapid and slow jerk seen in vestibular nystag- 
mus have different localization. 

In my experiments the slow jerk of the nystagmus accompanying 
the forced movements and forced position of the eyeballs always took 
the same direction as that in which the eyeballs were deviated. In 
lesions of Bechterew’s nucleus and the homolateral vestibulo-mesen- 
cephalic tract in the posterior longitudinal bundle, the slow jerk of the 
horizontal nystagmus is directed towards the uninjured side. If the 
lesion be situated in the right vestibular root and the right Deiters’ 
nucleus proper then the slow jerk of the nystagmus, associated with 
this condition, accentuated the already existing divergent squint, the 
right eye being directed downwards, the left eye upwards. Do these 
facts justify us in deducing diagnostic points for use in localizing the 
legion in cases where one-sided nystagmus is present, but where, as is 
not infrequently the case in subtentorial lesions, forced movements or 
conjugate deviation are both absent? It seems to me that this is a 
point worthy of further consideration, but my own experience furnishes 
no conclusive evidence on the question. 

Generally speaking, this anatomical and physiological research tends 
to show the importance of accurate clinical observation of even slight 
defects in the co-ordinated ocular movements in brain disease. ‚Some 
of these lesions and their accompanying symptoms are as follows: A 
lesion anywhere from thé descending ramus of the eighth nerve up to 
the striate body is liable to cause certain disturbances. In man these 
disturbances are more commonly in the horizontal plane, and are at 


418 - ORIGINAL ARTICLES AND CLINICAL CASES 


present so little understood that only a.rough outline can be given of 
the pathological conditions which possibly induce the symptoms. 

A destructive lesion of the posterior longitudinal bundle on.the right 
side of the brain between the vestibular region and the posterior. 
commissure is liable to cause conjugate deviation of the head and eyes 
to the left side, or else incomplete lateral deviation to the right side. If 
` this symptom occur when the lesion is oral to the posterior commissure 
it is indicative of an organic destructive lesion on the left side. If 
there is conjugate deviation of head and eyes to the left side, and an 
irritatwe lesion, cephalad to the posterior commissure is probable 
(eventually convulsions of muscles on the left side), the irritative lesion 
may be localized in the thalamus and striate body on the right side. 

If the symptom of Magendie-Hertwig squint (right eye directed 
downwards, left eye upwards) occur either alone or concurrently with 
conjugate deviation of the head and eyes, or if there is a tendency to 
fall or lie down on the right side, then the lesion (if situated in the 
medulla or truncus cerebri) probably has involved the vestibulary region 
or the lateral part of the posterior longitudinal bundle on the right side. 
If this symptom is present where the disease is localized cephalad to the 
posterior commissure, then, from experimental findings, the lesion is to 
be localized in the optic thalamus or striate body on the left side. If 
a destructive lesion is situated in the vestibular or cerebellar regions, 
and there appears deviation of the head and eyes to one side, for 
instance the left, we deal either with a conjugate deviation in the 
horizontal plane to the left, or with a condition allied to the rolling 
movement to the mght. A careful searching for the Magendie-Hertwig 
squint (left eye down, right eye up) or a tendency to he down. on one 
side (the left) or a divergent nystagmus, slow in the sense of the 
deviation, will enable us to diagnose a condition allied to rolling move- 
ments to the right. Since unilateral cerebellar disease is very liable to 
affect the vestibular nerve and Deiters’ nucleus, it is clear why in this 
type of case there is frequently a tendency to lie down on the diseased 
side. It is only in cases where the ramus descendens of the eighth 
nerve is involved that one is likely to get exceptions to this rule. 

After what has been said, ıt need hardly be pointed out that Bruns’ 
symptom of. disequilibration in frontal tumour [38] cannot be dis- 
cussed, unless the above observations be taken into consideration. 

In examining for ocular deviation the voluntary and automatic 
deviation of the eyeballs must be tested separately. Wernicke [166] 
states that Tiling long ago pointed out that reflex deviation, such 
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as is seen when a moving object is followed by the eyes, may -be 
demonstrated while voluntary lateral deviation is lacking. Bielschowsky 
[22] further emphasized the importance of this fact in routine examina- 
tion. The symptom of ' Vorbeizeigen ” in cerebellar disease observed 
by Bárány may, I think, be due entirely to involvement of the vesti- 
bular structures. The fact that horizontal nystagmus is never accom- 
panied. by a tendency to fall to one side is quite readily understood 
when the mechanism of the two types of forced movements is taken 
into consideration. 

The -observation that a large percentage of deaf people do not suffer 
from dizziness, as noted by James and Kreidl, and further, that in very 
young infants sea-sickness does not occur, seems to indicate that there 
ig some connexion between those conditions and imperfect functioning 
of the vestibular complex, either peripherally or centrally. The experi- 
ments of Nagel [118], Bishop Harman [24], Quix [129], Bartels and 
Rothfeld [182] render it extremely probable that the compensatory 
movements of the eyeballs in different movements of the head, and 
also the reflex adjustment of the eyes in vertical and other directions 
. during rotation, are dependent on the labyrinthine reflexes. Where 
there is, e.g., circus movement or conjugate deviation to the right side, 
the compensatory deviation to the contralateral side during and after 
rotation are found absent.  Reddingius, Marina [100], F. B. Hoff- 
mann, and Bielschowsky have investigated the question of the reflex 
, adjustment of the eyes in vertical and other directions during ocular 
movements ; these reflexes will probably be proved to be equally 
dependent on & normal activity of these reflex mechanisms and their 
conduction by the posterior longitudinal fascicle [cf. Cajal, 40, 1, p. 728]. 


In the case of octopods [110], it has been shown that the reflex adjustment 
of the eyeball by the otolithic organ is in this animal predominantly homo- 
lateral; by this reflex the pupillary slit is maintained in the horizontal position 
in practically all the positions assumed by the body. A similar condition 
seems to exist in the python, as here also the pupillary slit is held constantly 
vertical. 

The very delicate muscular adjustment of the eyeballs in the higher 
vertebrates which is necessary, according to Mulder, Nagel [118], Hering 
and Bielschowsky, for the localizing of the visual field to the same part 
in the two retine in all changing positions of the head, is probably 
also a vestibular reflex system; the innate tendency to fuse the two 
visual fields, even when anatomical or nervous defects exist, also plays 
an important part. The work of Marina on this subject is worthy of 
attention. 
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SUMMARY. 


In reviewing this physiological analysis of the vestibulary system 
and the posterior longitudinal bundle formation, certain facts, both 
"physiological and anatomical, stand out clearly, while other points can 
only be considered as suggestions or probabilities. 

(1) The study of the physiological phenomena observed after lesions 
of different parts of this system demonstrates that there is a far- 
reaching differentiation of function in the primary end -stations 
of the vestibulary nerve. Further, it also shows that the different 
strands of fibres which connect the vestibular nuclei with the various 
nuclei in the mid-brain and with the region of the posterior commissure 
in a cerebro-petal direction may be more accurately analysed. 

(2) The principal vestibular nuclei are the following: (a) The 
descending branch of the vestibular nucleus; (b) Deiters’ nucleus 
composed of & ventral caudal division, named the nucleus triangularis, 
and a dorsal magnocellular division or Deiters’ nucleus proper; 
(c) Bechterew’s nucleus with the nucleus tecti.  . 

(8) Physiological analysis affords a practical method of MN 
lishing the existence of important differences in the ascending and 
descending connexions of the above-mentioned nuclei, and of establishing 
equally important differences in the functions of the nuclei. 

(4) The starting point of this analysis is the fact that an ascending. 
degeneration of the crossed vestibulo-mesencephalic bundle, which forms 
the bulk of the mesial part of the posterior longitudinal bundle till’ - 
near the nucleus of the posterior commissure, is always found associated 
with circus movements to the side of the intact posterior longitudinal 
bundle. This rule holds good so long as the lesion leaves the other 
parts of the vestibular systems intact. It is immaterial whether the 
-degeneration of this vestibulo-mesencephalic tract is the result of & 
cross section of the median part of the posterior longitudinal bundle, 
or of a lesion of the :heterolateral Deiters’ nucleus. Experimental 
evidence tends to show that in the Deiters’ complex the nucleus 
triangularis is the principal origin of this tract (fasciculus vestibulo- 
mesencephalicus cruciatus). 

(5) The degeneration of an ascending tract: lying immediately 
lateral to the crossed vestibulo-mesencephalic tract in the posterior 
longitudinal bundle formation appears to be equally associated with 
a circus movement (or rather conjugate deviation) to the side of the’ 
normal posterior longitudinal bundle. This tract is further shown to be 
a homolateral tract originating exclusively in the nucleus of Bechterew, 
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at least in the oral parts of the vestibular region, and terminating in 
the region of the posterior commissural nucleus. This bundle may be 
styled the homolateral vestibulo-mesencephalic fasciculus, 

This tract is only partially identical with that described anatomically 
by Probst [124]. Van Gehuchten [63] in 1904 suggested that the whole 
of the lateral part of the posterior longitudinal bundle (fasciculus Deiters’ 
ascehdens, Lewandowsky, Winkler [169]) consisted of fibres, ascending 
from Bechterew's nucleus. This origin, for this limited portion at least 
of the posterior longitudinal bundle, may now be held as proved [cf. 
108], a8 may also the association of its upward degeneration with circus 
movemenis or conjugate deviation to the normal side. 

Both the circus movements observed after lesion of the homolateral 
or crossed vestibulo-mesencephalic tracts are associkted with conjugate 
deviation of the head and eyes to the side of the movement, or with 
loss of lateral deviation of the eyeballs to the opposite side. 

(6) According to the notions advanced by Duval, Bleuler, Edinger, 
Bischoff, Spitzer, Kohnstamm,  Bernheimer, Fraser, Wallenberg, 
Wiersma, and others, the posterior longitudinal bundle represents a 
combination of ascending and descending tracts, which control the 
co-ordinated movements of the eyes, head, and trunk, and control or 
direct the maintenance of the equilibrium of motion. Now, from 
experimental data furnished by the present investigation, it is seen that 
after a direct lesion in the region of the posterior commissure of the 
cat on one side, where the resulting circus movements were directed 
to the side of the lesion, a descending tract degenerates which lies at 
the innermost part of the posterior longitudinal bundle of the same 
side. This tract probably originates in the posterior commissural 
nucleus. As it stops short in the medulla it is suggested that ıt may 
be termed the fasciculus commissuro-medullaris [cf. 108]. 

(7) Although it is probable that this mesencephalo-medullary tract 
exists in all the higher organized vertebrates such as selachians, 
teleosteans, amphibians, reptiles, birds and mammals, it is only in 
the mammal that a destructive lesion of the nucleus and of its efferent 
tracts from the striate body is associated with circus movements towards 
" the side of the lesion. In the lower animals a lesion oral to the 
posterior commissure i8 not followed by any circus movements. 

The anatomical explanation of this fact seems to be that only in 
mammals are the hypothalamic and commissural nuclei sufficiently 
connected with the prosencephalon that section of ihe connexions 
should be followed by asymmetrical locomotion, as evidenced in circus 
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movements and conjugate deviation towards the side of the lesion. 
Further, it is only in mammals that stimulation of certain definite 
` areas of the cortex is followed by conjugate deviation of the head and 
eyes towards the opposite side. Birds seem to form in this respect a 
group between the reptiles and mammals. In the prosencephalon of 
the bird is an area, faradization of which is associated with conjugate 
deviation towards the opposite side (Boyce and Warrington). The 
section of the connexions of this area is not, however, associated with 
any alteration in the mode of locomotion. As regards those cases (cats), 
where, after lesion of the thalamus and cerebral hemisphere, circus 
movements towards the side of the (destructive) lesion were observed 
over a longer period, it was found that there was a tract of degenerated 
fibres in the lamina medullaris externa. These fibres, which probably 
emanate from the striate body; pass’to the hypothalamic region, where 
they lose their medullary sheaths. The termination of these fibres, 
probably in the nucleus of the posterior commissure, can, therefore, not 
be demonstrated. The circus movement in such cases is always accom- 
panied by conjugate deviation towards the side of a destructive lesion, or 
in less pronounced cases by loss of lateral deviation to the other side. 

(8) Like the circus movements the rolling movements may serve 
as a guide in working out the anatomo-physiological analysis of the 
vestibular complex and the posterior longitudinal bundle formation. 

(9) After a direct lesion of the complicated nerve-fibres, which help 
to form the vestibular root, a rolling movement towards the injured 
side is constantly observed, mostly associated with a skew deviation and 
conjugate rotation of the eyeballs around their antero-posterior axis. 
' In only one case (rabbit, direct lesion in the caudal part of the vestibular 
root) were rolling movements towards the non-injured side observed. 

(10) In three cases of lesion of the descending branch of the 
nucleus vestibularis rolling movements towards the normal side were 
seen lasting over several days. Although this experiment was repeated 
several times, I failed to localize any distinct ascending or descending 
connexions from this part of Deiters’ complex. 

(11) Lesion of Deiters’ nucleus proper is found in two cases 
associated with rolling movements, moderate in character, towards 
the side of the lesion. From this nucleus the degeneration spreads 
upwards along a tract which lies in the outermost part of the lateral 
horn of the posterior longitudinal bundle. A direct lesion of this 
ascending tract or connexion is also associated with a tendency to roll 
towards -the side of the lesion. This was denionstrated im five cases. 
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The fibres of this tract appear to end mostly in the tegmentum, although 
some may be traced to the caudal part of the posterior commissure, where 
the fibres appear to lose their medullary sheath ; it is therefore suggested 
that it should be styled the tractus vestibulo-tegmentalis lateralis. Its 
origin is apparently in the medium-sized cells of Deiters’ nucleus proper, 
its termination probably in the interstitial nucleus. 

(12) À comparison of the cases where the lesion is situated in the 
region of the posterior commissure leads us to postulate in that region 
& centre, probably the nucleus interstitialis, injury of which (or of its 
afferent tracts from other parts) in the cat is constantly followed by 
rolling movements to the normal side. The existence of a descending 
interstitio-spinal tract in the innermost section of the posterior longi- 
tudingl bundle in these cases in which rolüng movements or, in less 
pronounced cases, a tendency to fall to the normal side are observed 
seems to justify this supposition to a certain extent. 

(13) The physiological combined with the degenerative method 
does not afford such ample information as regards the tracts from 
Deiters’ complex to the posterior longitudinal bundle formation of the 
spinal cord. This is partly due to the irregular form of the collection 
of reticular cells which give rise to the ponto- or reticulo-spinal tracts. 
It seems certain that heterolateral descending fibres of the posterior 
longitudinal bundle do not come from Bechterew’s nucleus, although 
descending homolateral fibres are given off from both Deiters’ and 
Bechterew’s nuclei. After experimental lesion of Deiters’ nucleus it 
was not in all cases possible to decide from what cells the heterolateral 
.fibres originate. If the descending connexions of the vestibular 
structures which control the circus and rolling movements and those 
-of the superimposed mesencephalic structures be compared, the con- 
clusion seems warranted that the descending connexions are far more 
important in the case of the rolling movements. Relatively few 
descending fibres which originate in the structures associated with 
circus movements pass beyond the sixth nucleus. 
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Al anse lenticularis. 

ANR anterior capsule of nucleus ruber. 
OE . capsula externa. 

OGE corpus genioulatum externum. 
OI capsula interna. 

OIP posterior part of capsula interna. 
CL corpus subthalamicum (Luysii). 
OR Orus, 

Figp internuncial fibres of globus pallidus. 
Fip internuncial fibres of putamen. 
Fi Forel’s lenticular bundle (Hs). 
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FINR ansa lenticularis fasciouli, via Forel’s fleld, to nucleus ruber. 
Fsl strio-luysian fibres. 

Fth  Forel’s thalamic bundle (H)). 
GP globus pallidus. 

L ‚lesion. 

Lam, lamina medullaris lateralis. 

Ln locus niger. 

M fasciculus retroflexus of Meynert. 
N II nervus opticus. 

N III nervus oculomotorius. 

NAm nucleus amygdala. 

NO nucleus caudatus. 

NF] nucleus of Forel’s field. 

NR nucleus ruber, 

OT thalamus opticus. i 
POS  peđunculus cereballı superior. 
PUT putamen. j 
V IIl ventriculus tertius. 

Zl zona incerta. 


INTRODUCTION. 


THE exact nature and function of the large mass of basal grey matter 
known as the corpus striatum have hitherto constituted, it is no 
exaggeration to say, one of the unsolved problems of neurology. Not 
that the corpus striatum has failed to attract the attention of anatomist, 
physiologist and clinician; on the contrary, since the days of Willis, it 
has received its full share of investigation along all the familiar lines. | 
The disturbing element in the matter of research into its functions has 
been the conflicting nature of the results obtained. Anyone who will 
take the trouble to read the curiously philosophic text-books of half 
a century ago would imagine, it is true, that the corpus striatum was 
an organ as high in the cerebral hierarchy as the cortex itself, endowed 
with motor functions as elaborate and as detailed. But a change took 
place when neurologists realized that many of the functions assigned 
to it were the property of the adjacent cortico-spinal paths, and ‘almost 
at once it seemed to fall from its high estate and depreciate in 
physiological significance. Under these circumstances the question 
of its function became an enigma, and, as a consequence, there 
was eventually assigned to it a varied assortment of motor, sensory, l 
vasomotor, psychical and reflex functions, no one of which, it is safe 
to say, has ever rested on unequivocal evidence. To prove the truth 
of this statement it is only necessary to quote from such acknowledged : 
authorities as v. Monakow, v. Bechterew and Edinger. In 1906 v. 
Monakow [56] wrote: ''Trotzdem seit Jahren zahlreiche Forscher 
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bemüht sind, die klinischen Folgen von Läsionen im Gebiet des Streifen- 
hügels und des Linsenkerns zu erforschen, und obwohl die Zahl von 
genaueren Beobachtungen über Herde in jenen Hirnteilen eine ganz 
stattliche ist (gehóren doch Herde verschiedener Natur und Ausdehnung 
im Vorderhirnganglion zu sehr gewóhnlichen Vorkommnissen), so sind 
wir heute ebensowenig wie vor 25 Jahren Nothnagel imstande, sichere 
Kennzeichen einer Herderkrankung in den genannten Hirnteilen aufzu- 
stellen." In 1909 v. Bechterew [6] was compelled to say: ‘‘ Die funk- 
tionellen Zustánde des Schweifkerns und des Linsenkerns, welche seit 
jeher unter dem Gesamtnamen Corpus striatum zusammengefasst 
werden, sind gegenwärtig einer endgültigen Aufhellung noch immer 
nicht erschlossen. Über die Bedeutung dieser Gebilde gehen die Mein- 
ungen der Autoren, welche sich darüber geäussert haben, vielmehr noch 
sehr weit auseinander." No longer ago than 1911, Edinger [21] wrote: 
“Es gibt kaum einen Punkt, der so sehr beweist wie weit bisher noch 
unsere Beobachtungsfühigkeit zurück ist, als der Umstand dass wir bis 
heute weder von den Funktionen des Corpus striatum noch von den 
Symptomen etwas wissen, die eintreten, wenn es zerstört oder wenn es 
gereizb wird. Da ist ein máüchtiger Hirnteil, der von enormer Bedeutung 
sein muss, sonst wäre er nicht von den Fischen an aufwärts vorhanden, 
ein Hirnteil. der bei den Vógeln die Hauptmasse des ganzen Gross- 
hirnes ausmacht, zudem ein Gebilde, in dem ausserordentlich oft beim 
Menschen Krankheitsherde gefunden werden und doch hat niemals 
jemand ein Symptom entdeckt, das von ihm ausgeht.” 

Within the last two or three years, however, the clinico-pathological 
method, to which we owe some of the greatest discoveries in neurology, 
has furnished evidence which goes far towards clearing away the 
obscurity that has surrounded the subject, and at the same time it has 
enabled us to reach a truer interpretation of the data obtained by 
experimental research on the corpus striatum, while it has also indicated 
the lines along which further experimentation must be prosecuted. As 
‘has so often happened before, once insight is gained into the function 
of & nervous organ, much that has hitherto seemed inexplicable becomes 
plain, and with notable rapidity further data are collected which bear 
out the new view. Already, in the last year or two, a syndrome of the 
corpus striatum has been enunciated which, however much it may come 
to'be modified, shows every sign of being corroborated by each accession 
of fresh evidence, and in any case can fairly be regarded as furnishing the 
closest approximation to the exact mode of working of that important 
structure which has up to the present been reached. 
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CHAPTER I.—HISTORICAL. 


The vicissitudes through which the corpus striatum has passed 
constitute an interesting chapter in cerebral physiology, affording an ` 
excellent illustration of the methods of procedure of early experimenters, 
and throwing a valuable sidelight on the stages whereby our present 
knowledge of the working of the encephalon has been attained. 

In 1667, Thomas Willis described the corpora striata as '' internodes 
by which the cerebrum coheres with the medulla oblongata,” and on 
account of their peculiar structure attached such importance to them 
as to consider them the seat of the '"sensorium commune." From this 
position of high significance thus assigned them by the earliest investi- 
gators—an inevitable consequence when we remember their prominent 
appearance on horizontal section—they have never really declined. 

In 1740, Swedenborg [74] published his “ CEconomia Regni Animalis,”’ 
a book in which he showed curious insight into cerebral physiology. 
To the corpus striatum he attached much importance. "Thus he says: 
“The royal road of the sensations of the body to the soul is through the 
corpora striata, and all determinations of the will also descend by that 
road.” That organ is “the Mercury of the Olympus, it announces to 
the soul what is happening to the body, and it bears the mandate of the 
soul to the body.” If we translate his somewhat figurative language 
into present-day terminology, it is clear that Swedenborg had a con- 
ception of afferent and efferent paths far in advance of his time, even 
though it be but the result of a lucky guess on his part, and that if we 
suppose he included the optic thalamus in the corpora striata, which 
he immediately under and “are most immediately subject to the courts 
of the anterior (superior) regions of the cerebrum," he thereby developed 
& theory of the function of the basal ganglia in relation to the cortex 
which has been almost universally held and even yet is not without its 
bearing on the problem before us. 

At the beginning of last century Burdach [12] (1819) showed that 
the outer aspect of the lenticular nucleus was unconnected with the 
fibres of the external capsule and held that the appearances suggested 
that the fibres of that nucleus did not go to the cortex. He concluded 
that the basal ganglia are in a psychical sense intermediate between 
the brain-stem and the cortex, controlling the one and being subsidiary 
to the other. 

Apparently the earliest definite experiments on the corpus striatum 
were those conducted about the year 1820, by Flourens [26], who failed 
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to obtain any movements in the rabbit by stimulation of the ganglion. 
“Je piquai d'abord, dans tous les sens, et j'enlevai ensuite en totalité, 
.par tranches successives, sur un lapin, les corps striés et les couches 
optiques: nulle agitation n'aecompagna cette double épreuve." He 
failed also, somewhat curiously, to obtain any movements by stimulation 
of the cortex, and declared that “les hemisphéres cérébraux ne sont 
point susceptibles d’exciter immédiatement des contractions muscu- 
laires.” 

Magendie [49], however (1841), obtained diametrically opposed 
results. By mechanical stimulation of the nucleus caudatus with a 
needle he was unable to elicit movement. `“ Voici le ventricule latéral 
droit ouvert, la voûte et le septum lucidum enlevés: le corps strié 
parait au fond de la plaie. Je pique ce corps avec une aiguille 
enfoncée.d'arriére en avant: l'animal conserve toute son impassibilité. 
C'est en vain que je transperce le corps strié du côté gauche: les 
résultats sont toujours négatifs." By destroying the corpus striatum 
on both sides, however, the same experimenter obtained leaping 
forward of the animal as by an irresistible impulse. It should be 
stated that the majority of his experiments were on rabbits. “ Ainsi, 
par exemple, je vais couper et extraire les corps striés: vous allez voir 
l'animal courir en avant comme emporté par une impulsion irrésistible. 
Il vient en effet de partir comme un trait: je suis obligé de le retenir, 
et vous voyez quil conserve l'attitude de la fuite." And again: “Je 
viens d’extraire un des deux corps striés: rien encore de modifié dans 
les mouvements. J’enléve le second corps strié: voyez comme l'animal 
- cherche à fuir. Je ne veux pas le laisser libre, car il irait se briser la 
tête contre le premier obstacle qui se trouvait sur son passage.” 

Magendie was of the opinion that movements in a forward direction 
were under the influence of the cerebellum, while backward movements 
were controlled by the corpus striatum: if, therefore, the latter were 
destroyed, the animal should run forward, owing to uncontrolled action 
of the cerebellum. It is certain from the technique of Magendie that 
the white matter adjoining the corpus striatum was implicated in the 
experimental lesions, and their value is thereby discounted. 

Longet [45] (1842) dismissed the theory held by Willis as one 
without any foundation, but admitted his inability to advance another 
more plausible. He experimented on rabbits, removing first the 
cerebral hemispheres and then the corpora striata, but failed to obtain 
Magendie’s results, and concluded that “lẹ force motrice spéciale 
que: M. Magendie place dans les corps striés est une force purement 
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imaginaire.” He found that these structures were quite inexcitable. 
“Chez les animaux vivants les corps striés semblent être complètement 
insensibles aux irritants mécaniques : ils peuvent être dilacérés sans qu'il 
y ait manifestation d'aucun signe de douleur, sans que la moindre con- 


traction musculaire survienne. Les fonctions spéciales des corps striés 


restent encore à démontrer." 
Meanwhile Julius Budge [11] (1840) was obtaining still other results 
by the somewhat crude methods we have been considering. “I opened 


the skull of a young dog who had just been killed, and in a few minutes 


completely exposed the whole brain. At the same time my assistant 
had opened the abdominal cavity and laid out the intestines. I cut 
away the cerebral hemispheres, raised up the corpus callosum, and 
irritated with a sharp needle the optic thalami, corpora quadrigemina, 
and corpora striata, one after the other. The stimulating of the corpora 
striata and quadrigemina increased the motions of the intestines every 
time. When the peristaltic motion had completely ceased, I could 
reproduce it by again stimulating these organs. . . . This continued 


‚to be the case for scarcely five minutes, and then the irritability was 


entirely destroyed." “ Thus it is proved that the nervous principle of 
the motion of the intestinal canal is seated in the brain: nay, the spot 
is accurately determined from which it proceeds, or rather, in which 
the nerves of the canal are concentrated. The central organ of the 
motion of the stomach was also shown in my experiments: it is in the 
right corpus striatum.” 

Magendie’s views received some support from subsequent investi- 
gators, among whom may be mentioned Schiff [69], Beaunis [4], 
Fournié [28], Lussana and Lemoigne [47], and Nothnagel [59]. 
Fournié made injections of chloride of zinc into the caudate nucleus 
(dogs), obtained strong progression movements, and concluded that in 
the corpus striatum were excitable centres sending nerve-impulses 
peripheralwards for the carrying out of voluntary movements. Beaunis . 
employed injections of caustic soda, liquor ferri sesquichlorati, and 
ammonia carmine, and also obtained forced movements (rabbits), but 
the crudity of these experimental methods is sufficiently obvious. l 

Nothnagel employed a fine needle, or rather syringe, wherewith to 
inject minute quantities of pure chromic acid into the caudate. Ata 
particular spot in that ganglion, dignified by him with the name of the 
< nodus eursorius," stimulation of this sort always produced violent 
forward movements in the rabbits on which he experimented. If we 
read the original description, however, we note -that it was only after 
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an interval of from two to ten minutes that the animal “ schliesslich in 
ein wildes Umherstiirzen zum Teil mit Mandgebewegungen und ófteren 
Anprallen an Wande, u.s.w., überging." The localizing value of the 
results is clearly infinitesimal. By stimulation of the lenticular nucleus 
after a similar fashion, especially in its anterior and middle parts, he 
obtained bending of the trunk with the concavity to the side of the 
lesion. He therefore endeavoured to distinguish between the caudate 
and the lenticular nuclei, placing in the former a centre for combined 
movements conditioned by psychical stimuli, and in the latter a centre 
for individual movements. 

It might be supposed that the era of inexact experimentation would 
have passed whenever the method of electrical stimulation came into 
vogue. Such, however, at first, was far from being the case. In 1870 
Hitzig [87] stimulated the lenticular nucleus by a special instrument 
(“ Lanzenrheophor ") through the frontal fissure, and obtained powerful 
. contractions of the contralateral muscles, but the possibility of ' 
simultaneous cortico-spinal stimulation cannot be negatived. In 1874 
Burdon Sanderson [68] adopted the simple expedient of dropping & 
needle vertically from the surface of the cortex and found it reached 
the corpus striatum in its posterior part at a depth of some 10 or 
12 mm. Obtaining movements by stimulation at this point (cats), 
he concluded as follows: “From these facts it appears that the 
superficial convolutions do not contain organs which are essential to 
the production of the combinations of muscular movements now in 
question. They further make it probable that the doctrines hitherto 
accepted by physiologists, that the centres for such movements are to 
be found in the masses of grey matter which are to be found in the 
floor and outer wall of each lateral ventricle, are true.” 

It was in 1876 that Ferrier [23] published his well-known book, 
“The Functions of the Brain,’ which contains much of interest 
for our subject, and enables us to appreciate the way in which the 
corpus striatum was at that time generally regarded. One or two 
quotations may be given. 

“The results of (electrical) stimulation of the corpora striata in 
monkeys, cats, dogs, jackals and rabbits are so uniform as to admit of 
being generalized together. 

“ Irritation of the corpus striatum causes general muscular contrac- 
tion on the opposite side of the body. The head and body are strongly 
flexed to the opposite side, so that the head and tail become spproxi- 
mated, the facial muscles being in a state of tonic contraction, and 
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the limbs maintained in a flexed condition. Apparently the individual 
movements excited from the various regions of the hemisphere are all 
thrown into action simultaneously, the flexors predominating over the 
extensor muscles." 

The same author, 1$ may be remarked, makes the express statement 
that “individual or differentiated movements are not capable of being 
excited by application of the electrodes directly to the corpus striatum.” 
The general conclusion come to 18 that “in the corpus striatum there 
would thus appear to be an integration of the various centres which are 
differentiated in the cortex." The same view is expressed again in 
other sections of the book. Thus: “ The motor combinations which are 
integrated in the corpus striatum are again differentiated in the cerebral 
hemispheres.” 

Now, up to this epoch clinicians generally had been fully convinced 
that the corpus striatum was a motor organ, and differentiation between 
disease of that ganglion and disease of the pyramidal paths was not 
attempted. In fact the anatomical conceptions holding sway at that 
time were all for regarding the corpus striatum as an actual station on 
the path between cortex and cord. In 1866, for instance, Broadbent [10] 
said that “‘ to the motor nuclei of the cord fibres descend in the antero- 
lateral white columns from the corpus striatum, decussating at the point 
of the medulla.” It is hardly necessary to point out that this view 
assumes that the pyramidal paths issue directly from the corpus 
striatum. The same assumption is tacitly made in all the writings of 
the period, and occurs again and again in records of hemiplegic and 
other cases. 

Although apparently attached to this opinion, Ferrier endeavoured 
to separate the function of the cortex from that of the basal ganglia. 
He states that ' the various physiological and pathological data which 
have been advanced to show that destruction of the corpus striatum 
causes paralysis of voluntary motion . . . do not suffice to deter- 
mine the special function of these ganglia as distinct from the cortical 
centres.” He puts the problem very clearly when he says that “ we 
; have to ascertain whether any special differences are observable 
between the symptoms resulting from lesions of the cortical centres and 
those following lesions of the basal ganglia, which may indicate what 
special functions these ganglia, as such, subserve.”’ 

` After pointing out how greatly animals differ in respect to the degree 
of independent organization of motor activities in centres below the 
cortex (to which important consideration attention will subsequently be 
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devoted), the same experimenter concludes from the facts of comparative 
physiology that the corpora striata are centres in which habitual or 
automatic movements become organized. With the proviso that in man 
even the most habitüal or most automatic actions require the co-opera- 
tion of the centres of conscious activity, he holds that by virtue of a 
short circuit from afferent to efferent side, from the optic thalami to the 
corpora striata, movements in response to immediate sensory impressions 
take place, and that there is every reason to believe the basal ganglia 
suffice to a large extent for the execution of habitual movements. 

These early views of Ferrier were based upon the assumption to 


.. which reference has already been made, that. the peduncular or cortico- 


spinal fibres and the ganglionic substance of the corpus striatum formed 
& complex whole. The corpora striata were held by him to be the 
ganglia of interruption of the projection system of the foot or basis of 
the crus, “an anatomical indication of their motor signification.” The 
integral connexion of the pyramidal path and the corpus striatum he 
regarded as established, and in view of our present-day knowledge it is 
historically interesting to note that at that date there was greater 
diversity of opinion in regard to the significance of the optic thalamus, 
the facts of pathology as far as the corpus striatum was concerned being 
supposed to be constant and uniform. 

The theory that the actions which are regarded as inherited instincts, 
all the compound reflex, automatic, habitual actions of man, which 
had, through long-continued repetition, assumed the character of 
acquired instincts, were co-ordinated or integrated in the basal ganglia, 
seemed for along time to satisfy the neurologist. It is odd to note, how- 
ever, how carefully the writers of that time avoid declaring that automatic 
movements are actually localized in the corpus striatum. Ross [66], 
for instance, says that “all complex movements which animals manifest 
in response to emotional disturbances are orgamized in the corpus 
striatum.” Speaking of a cat “ spitting,” he remarks: “ The regulation 
of the movements concerned is organized in the corpus striatum, but the 
incitement to the action of these centres comes from the cortex." (Italics 
my own.) It is & little difficult clearly to follow this distinction, and 
Ross himself elsewhere hinted he had begun to doubt the subordination 
of the corpus striatum to the cortical motor centres. In fact, he says 
in another place: “The corpus striatum must be regarded as a nerve 
centre co-ordinate with, and not subordinate to, the cortex." 

Frangois-Franck and Pitres [29]: (1878) exposed the corpus striatum 
in dogs by removing the cortex. They obtained no movements from 
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localized electrical stimulation of the caudate and lenticular nuclei: 
whenever the electrodes were applied to the internal capsule, there was 
a marked response. They found a striking contrast between the results 
of feeble stimuli applied to the internal capsule and strong stimuli 
applied to the corpus striatum. They considered the corpus striatum 
definitely inexcitable. 

Already, however, Flechsig [24], and later Wernicke [79], ‘and 
Charcot [14], were coming to the conclusion that the great majority 
of the fibres of the pyramidal system are uninterrupted on their way 
from cortex to crus through the basal ganglia and that the corpus 
striatum is a ganglion independent of the cortex, possessing no 
cortical projection - system. Whenever it was demonstrated that 
hemiplegia and hemianszsthesia were caused by injury to the fibres 
between the basal ganglia and not by lesions of the ganglia themselves, 
the importance of the corpus striatum forthwith diminished, and once 
again its nature and functions became shrouded in obscurity. For 
a long time no work was done on the subject. Attention was directed 
rather to a study of the functions of the cortico-spinal system. Cases 
began to accumulate where lesions of the corpus striatum were unaccom- 
panied by recognizable symptoms during life. The view was expressed 
that lesions of the lenticular nucleus, for instance, were always silent. 

Since that time, opinion has been divided on the motor function 
of the corpus striatum. Its excitability has been as much denied as 
accepted. Luciani and Tamburini [46] considered that under given 
pathological conditions the caudate nucleus could take on the functions 
of the motor cortex (dogs, apes, rabbits). Lo Monaco and Bellanova 
[44] destroyed the nucleus caudatus in dogs, but, obtaining results more 
or less similar to those from lesions of the cortex, regarded the corpus 
striatum as an included portion of the motor cortex, and considered it 
closely connected with the latter. Bianchi [7] stimulated the corpus 
striatum with platinum needle electrodes in dogs and rabbits, and, 
obtaining in certain cases pleurosthotonus with movements of the head 
and extremities, held to the opinion of Hitzig, that the corpus striatum 
was electrically excitable. 

Baginsky and Lehmann [3] (1886) considered the nucleus caudatus 
an integral part of the motor region of the brain (rabbits, cats). 

From his experimental investigations Munk [58] (1884) came to the 
conclusion that the structure in question was concerned with habitual 
movements. 

Johansen [39] (1885), experimenting on dogs, obtained tonic cramps 
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from stimulation of the lenticular nucleus, and concluded that that 
organ was concerned with the genesis of convulsions. In fact, he held 
that epileptiform seizures in man, unaccompanied with loss of con- 
sciousness, arose in the lenticular nucleus. 

But other investigators, among whom may be mentioned Gliky [392] 
and Braun [8], obtained entirely negative results. 

« In 1889 [54] Minor performed a series of carefully planned experi- 
ments on rabbits, dogs, cats, and guinea-pigs. He showed clearly that 
the movements apparently elicited from stimulation of the caudate were 
due to overflow of the current to the neighbouring capsule. He 
repeated Nothnagel’s experiments and demonstrated that the results 
came from the capsule, and in order to establish this beyond cavil he 
performed the crucial experiment of previously causing the whole 
pyramidal system to degenerate by removing the motor cortex. There- 
after he failed, even with strong currents, to obtain movements from 
the corpus striatum. The motor function of that organ, therefore, 
became more than ever doubtful. 

In 1890, Ziehen [83] reached & similar conclusion (rabbits). 
showed that not a few of the movements hitherto supposed to come from 
stimulation of the caudate in reality came from the genu of the capsule. 
He noticed ‘that the nearer the stimulating needles were to the capsule, 
the more certain were the motor phenomena that resulted. When 
electrodes were pushed into the mass of the corpus striatum tonic 
convulsions followed after some thirty seconds, a condition which, in 
his opinion, could only be regarded as a capsular effect. With removal 
of the whole motor region, faradic stimulation of the lenticular nucleus 
was always negative. 

Prus [65] (1899) in his experiments pushed the sinus longitudinalis 
aside, cut through the corpus callosum, and opened the lateral ventricles, 
exposing the ventricular surface of the caudate. He obtained tonic 
cramps in the contralateral limbs from stimulation of the posterior part 
of the caudate, clonic cramps from the middle, and running movements 
from the anterior section. In addition, he noted inhibition of respira- 
tion from stimulation of the middle division of the caudate, with 
. elevation of blood-pressure and slowing of the pulse-rate. He concluded 
that some of his results were the expression of reflexes aroused by 
stimulation of afferent or sensory nerves, but that the tonic and clonic 
twitchings, and the rise of blood-pressure, were the direct result of 
electrical irritation. Prus supposed that the caudate played a part in 
voluntary movement and in automatic movements, such as running 
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or walking, and that it contained a vasomotor and vasoconstrictor 
centre. 


Wieting [81] (1891) and Wertheimer and Lepage [80] (1897) found 
the corpus striatum inexcitable (dogs). 

Probst (1901) destroyed the nucleus caudatus, leaving the capsule 
intact, and could not obtain any paralytic or even-paretic phenomena. 

In 1902, Schüller [70] repeated and revised these experimental 
methods, and once more the result was negative (dogs). The caudate, and 
' corpus striatum generally, he always found inexcitable from an electrical 
standpoint. Schüller also observed quickening of respiration from 
stimulation of the caudate, especially in its anterior part, but no respi- 
ratory effect could be elicited when the capsule was allowed to degenerate. 
As, however, the acceleration of respiratory rhythm was more readily 
obtained from the caudate than from the capsule, he concluded that, 
possibly, there was a local connexion between the former and the 
capsular fibres concerned with respiration, which, in his view, were 
probably part of the cortico-thalamic system, passing to the median 
nucleus of the thalamus. 

Stieda [73] (1908), after preliminary degeneration of the whole 
cortico-spinal system, directly stimulated the caudate in dogs, but 
obtained no movements whatever. 

At various times during the last twenty years, v. Bechterew [6], in 
collaboration with one or other of his pupils, has performed experiments 
on the corpus striatum which have been collected and published in the 
second volume of * Die Funktionen der Nervencentra " (1909). 

Von Bechterew's first series of experiments (dogs) were undertaken 
in 1886. After previously effecting complete degeneration of the pyra- 
midal tract by extirpation of the motor area he was unable to obtain 
any motor phenomenon by strong stimulation of the caudate nucleus. 
Again, with Stieda, in 1902, similar researches were undertaken, but in 
every instance the result was negative. Von Bechterew concludes that 
it must be considered beyond dispute that the caudate nucleus has 
nothing to do with automatic movements, still less with volitional 
movements. 

On the other hand, however, he reached a somewhat different con- 
clusion with regard to the lenticular nucleus. With Schaikewitsch, in 
1902, he experimented on dogs, either removing the hemisphere so as to 
stimulate the lenticular nucleus directly, or previously destroying the 
pyramidal system and then pushing an electrode for a given depth into 
the nucleus through the sylvian fissure. In the majority of his experi- 
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ments he obtained tonic contractions of the opposite limbs, and of the 
head and tail, and also generalized epileptiform convulsions on both 
sides of the body. He obtained these phenomena even when the 
pyramidal path was degenerated by preliminary extirpation of the 
motor cortex. Von Bechterew concludes that the lenticular nucleus has 
a motor function: that in the globus pallidus is a special tract of extra- 
pyramidal fibres stimulation of which effects movements on the opposite 
side of the body. The putamen he associates with the caudate nucleus, 
presumably denying to it any function of a like nature. 

Grünstein [35] (1911) made lesions in the caudate and lenticular 
nuclei in dogs and rabbits with a specially constructed needle, but as 
his paper contains no mention of physiological results, and is concerned 
solely with the anatomy of the corpus striatum, it need not be further 
alluded to at present; due reference will be made to his anatomical 
findings in subsequent chapters. 

In the review of the experimental literature on the corpus striatum 
that has been given, reference has been made more than once to 
a possible association of these masses of grey matter with the functions 
of the viscera, and some evidence has accumulated which goes to show 
that there may be connexions between the corpus striatum and the 
functions of respiration, circulation, and the maintenance of body 
temperature, as well as possibly the function of the bladder and 
alimentary tract. As my own experimental researches have been 
concerned with the motor part of the subject, this question may be 
left to one side for the present. 


CHAPTER II.—PEznRsoNAL EXPERIMENTAL RESEARCHES. 


The research was carried out in the laboratory of experimental 
neurology at University College, under the sgis of Sir Victor Horsley, 
who performed my operations for me, and to whom I am very greatly 
indebted for much generous help and advice. 


Methods. 


Some twenty-five monkeys were experimented on (Macacus rhesus, 
Macacus sinicus). Both stimulation and electrolytic methods were 
utilized. The instrument employed was the stereotaxic instrument of 
Clarke and Horsley [38], which is fully described in Bram, vol. xxxi, 
p. 45. It may be said here, very briefly, that its purpose is to direct a 
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needle in any one of three planes. The average size of rhesus heads 
varying very slightly within certain limits, a brass cage is devised, inside 
which the animal’s head is fixed. The vertico-transverse plane which 
passes through the external auditory meatus on either side, known as 
the interaural plane, is taken as zero. On the brain of the rhesus it 
passes almost constantly just behind the upper limit of the fissure of 
Rolando. A horizontal plane passing through the inferior margin of the 
bony orbits and the external auditory meatus, known as the basal plane, 
is taken as zero for up and down measurements. By means of & series 
of photographs of vertico-transverse sections of a frozen rhesus head 
with the brain in situ, cut 2 mm. thick and numbered from the 
interaural plane forwards, it has been possible to decide with the 
greatest accuracy at what point to stimulate, or to electrolyze. Thus: 
2 plane about 12 mm. in front of the interaural plane cuts through 
the three segments of the lenticular nucleus. The needle carrier is 
accordingly moved the requisite distance along a measured antero- 
posterior brass bar, which brings the point of the needle opposite this 
desired plane. Then the depth from the surface of the spot to be 
stimulated is measured on the photograph corresponding to the plane 
(to all the photographs a millimetre scale is appended) and found to be, 
say, 16 mm. The needle-point is therefore moved inwards 16 mm. from 
the surface of the cortex along the needle carrier, and we know for a 
certainty, if the carrier is at the correct height above the basal plane, 
that the point of the needle is somewhere in the globus pallidus. The 
precision of the instrument is admirable, and results were obtained from 
the very first. 

The needle consists of a fine-drawn double capillary glass tube, 
inside which, insulated by the glass, are two fine platinum wires. At 
the end of the needle they are naked for the extent of less than half 
a millimetre, and when the other ends are connected up to a battery and 
a constant current allowed to flow, & limited electrolytic lesion is readily 
produced. In the series of experiments most of the lesions were made 
with a current of 3 to 5 ma. running for 5 to 15 minutes. The damage 
made by the passage of the needle through the cerebral tissues is 
astonishingly slight, and easily distinguishable afterwards from the 
main lesion. 

It does not take long before one learns where the projection of the 
corpus striatum on the lateral aspect of the cerebral hemisphere is to be 
traced. If the point of the needle be introduced through the operculum, 
through the lower extremity of the third frontal gyrus, through the 
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upper or middle part of the superior temporal gyrus, it is certain to 
strike the lenticular nucleus at a depth of 12 to 16 mm. on vertico- 
transverse planes some 9 to 13 mm. in front of the interaural plane, 
which, as already mentioned, passes just behind the upper limit of the 
fissure of Rolando. 


Stimulation Experiments. 


In the great majority of the macaque monkeys experimented on it 
was made a routine practice to stimulate the lenticular nucleus electri- 
cally before proceeding to make electrolytic lesions. The procedure was 
as follows: The animals were always under deep anssthesia induced by 
chloroform and continued with ether. By the help of the photographs 
of the normal macaque head, already referred to, it was a simple matter 
to determine the position of the point of the stimulating needle. A plane 
10 mm. in front of the interaural zero plane was commonly chosen to 
commence with. In the vertical direction a plane about 12 or 13 mm. 
above zero usually brought the needle opposite the lower part of the 
gyrus overhanging the sylvian fissure; 10 mm. above zero was opposite 
the upper part of the superior temporal gyrus; 5 or 6 mm. above zero 
was opposite the middle part of the same gyrus. In this plane 10 mm. 
in front of the interaural zero, and on the 10 mm. plane above the base 
line, it was very commonly found that when the needle was driven into 
the brain for a distance of 10 mm. its point was on or just internal to 
the external capsule. By working forwards and backwards from the 
10 mm. frontal plane, 2 mm. at a time,'by carrying the needle upwards 
and downwards in each plane, and by advancing the needle-point 2 mm. 
- at a time from the external capsule inwards to the internal capsule, it 
has been possible to stimulate systematically the whole of the lenticular 
nucleus in all its segments. Further, at any given point, it was made 
a frequent practice to commence with the secondary of a Kronecker coil 
at 500 on the scale, or even less, and to advance it to 1,000, 2,000, 5,000 
or even 10,000 on occasion, without altering the needle position; in 
this way the results of current spread were easy of detection. A double 
needle was nearly always the one employed; in this way bipolar excita- 
tion was applied to very small areas. The current utilized was the 
faradic, derived from the coil above mentioned. Every gradation from 
feeble currents upward was readily and conveniently obtainable. 

From what has been said it will be understood that the control over 
the position of the needle-point is completé, and that the operator is 
able to say at any given moment exactly what part of the lenticular 
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nucleus is being stimulated. So far from desiring to exclude pyramidal 
or cortico-spinal paths by previous section and subsequent degeneration, 
if was rather an advantage to have their integrity unimpaired, as the 
contrast between stimulation of the nucleus and of the capsular 
fibres was rendered só striking thereby as by itself to constitute 
satisfactory proof of the difference in electrical excitability between 
the two. . 

It may be said at once that the lenticular nucleus was found to be 
electrically inexcitable. In the first place, with the needle in the centre 
of the putamen, even comparatively strong currents failed to produce 
any discoverable motor phenomenon in any muscular group. This was 
noted again and again. The same is true also of the globus pallidus. 
An identical current, employed by way of control, was found to produce 
movements at once from the motor cortex. Whenever the immediate 
neighbourhood of the internal capsule was reached typical movements 
were obtainable, and with the needle in the capsule, of course, often 
powerful movements were elicited. It was frequently observed that 
with weak currents, advancing the needle-point merely 2 mm. made all 
the difference between no movement and a capsular movement, showing 
the genuine inexcitability of all but the corticospinal fibres. It may be 
definitely stated, as a result of the researches here described, that 
investigation of the whole of the lenticular nucleus with a stimulating 
needle has failed to elicit any evidence in the ape of the localization 
of motor centres there, comparable to the centres of the excitable 
motor cortex. i 

In the second place it occasionally happened that certain movements 
occurred while the nucleus was being explored with the needle, but 
these were always variable, inconstant, and fleeting. First of all it was 
sometimes found that homolateral movements of the face, mouth, or 
tongue took place from stimulation towards the outer surface of the 
putamen and the external capsule. These were neither strong nor 
persistent, and in any case they were far from constant. The mechanism 
of their production is interesting, but is outside the purpose of the present 
communication. Next, ib was occasionally noted that blinking move- 
ments of both eyes occurred ; the animal sometimes opened its eyes and 
stared straight in front, sometimes one or other or both eyes blinked ; 
very occasionally the eyes rolled indefinitely and then came into a fixed 
midway position; sometimes the mouth opened slightly and symmetri- 
cally. It was impossible to’ obtain these movements with any regularity ; 
oftener than not they were conspicuous by their absence. It cannot be 
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said that the occurrence of such movements, obtained for that matter in 
the stimulation of quite other areas and dependent to some extent on 
the degree of anesthesia, is any indication of their being localized in the 
nucleus lentiformis. My experiments have uniformly failed to demon- 


.  Sirate the occurrence of tonic contractions of the opposite limbs, and 


epileptiform convulsions, such as v. Bechterew [6] says he obtained from 
‘ stimulation of the lenticular nucleus. The fact must not be lost sight 
of that the animals he experimented on were -dogs, whereas my 
experiments were on monkeys. 

Again, it was observed occasionally that a particular movement, say 
slight closure of the contralateral hand, was produced by stimulation 
with the needle-point close to the capsule, judged by its distance in from 
the surface, and that stimulation with the needle advanced a further 
2 mm. produced the same movement much more powerfully and 
 unmistakeably ; under such circumstances there can be no doubt that 
in the first instance the movement was not truly lenticular in origin but 
resulted merely from the propinquity of the needle-point to capsular 
fibres and from spread of current. ` 

Thus from a consideration of the above-mentioned data it is clear 
that when due precautions are taken, when exact control both of current 
and of position of needle is possible and is practised, stimulation of the 
lenticular nucleus, both putamen and globus pallidus, is essentially 
negative. In this respect my research but confirms the work of those 
previous investigators who have performed their experiments in a 
sufficiently careful and accurate fashion. 


Electrolytic Lestons. 


(A) Physiological results.—It has already been stated that for the 
production of electrolytic lesions & constant current of from three to five 
or more milliamperes was utilized, and allowed to run for some five to 
fifteen minutes. Both small and large lesions were made, the latter by 
making two, three, or four smaller lesions close together. While in some 
instances the lesions were intentionally placed, for anatomical reasons, 
in the vicinity of, but outside the nucleus lentiformis, reference will 
now be made solely to those in which they were situated entirely 
within the nucleus. 

The animals were allowed to live as a rule for some three weeks 
after the operation. In practically every instance uninterrupted 
recovery took place. During these weeks the animals were tested in 
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all sorts of ways: they were allowed to climb about the room used as 
a monkey-house, they were tried with the use they made ee objects in 
either hand, their reflexes were examined, &c. 

For reasons which will be mentioned subsequently, in the first 
monkeys experimented on the lesions were single and small. None of 
these animals showed any sign of motor impairment that careful and. 
repeated examination could detect. No involuntary movements, e.g., of 
the nature of trenior, were noticed. In the later series of experiments, 
where the lesions were larger, involving the greater part of the nucleus, 
the absence of any involuntary movement was again noted. Some of 
these monkeys, however, showed a preference, in the taking of nuts or 
bananas, for the homolateral limb. Or, in climbing about their cage, 
they showed just the least awkwardness or clumsiness with the contra- 
lateral limbs. Yet no approximation to paralysis or even paresis was 
seen. It was impossible to satisfy oneself that there was any undeni- 
able alteration in the tone of the muscles of the limbs opposite to the 
lesion. In several instances the tendon reflexes were slightly increased 
in the contralateral limbs. There was: no defect of sensibility as far as 
could be ascertained. 

In one or two cases it is possible that slight implication of some 
-capsular fibres may account for the motor symptoms, such as they are ; 
in others, however, microscopical examination failed to demonstrate 
capsular degeneration, and yet the animal’s limbs on the side opposite 
to the lesion were not perfectly normal. It is therefore conceivable that 
` a large lenticular lesion produces an unsteadying effect in innervation. 
But the data at my disposal preclude any elaboration of this. All that 
can be said is that small and large lesions alike failed to reveal them- 
selves by any obvious or constant or unequivocal defect of motility, 
as far as the results of the present investigation are concerned. In 
this series, as a matter of fact, no bilateral lesions were made. 

The opportunity was taken, in a number of cases, of stimulating the 
homolateral motor cortex after large lesions in the lenticular nucleus. 
The result in every instance was the same; no difference in excitability 
could be detected between corresponding points on the right and left 
motor cortical areas. These excitation experiments were made after 
the full three weeks, 2.¢., after degeneration secondary to the lesion was 
thoroughly established. Thus there is no physiological evidence of 
impairment of function of the motor area from large lesions in the 
homolateral corpus striatum. 

(B) Anatomical resulis.—As already N the anımals operated on 













; ere then ‘killed under an NIKE: ne "The brain. was at 
nce o injected’ in situ with formol-Müller, removed, and the position of 
he interaural plane marked on it. A few days. later it was cut in 
2 mm. slabs, parallel to the interaural plane, by means of Clarke's 
 macrotome. The slabs showing the lesions were then photographed, 
nn the material duly prepared for examination by Marchi’s method, 
> "In the following pages a selection only from the complete . set of 
ibvostigations will be given. It will be understood that a description 
of each would result in much overlapping, and also. that i in some animals 
he results were scantier or less instructive than in others. 
The preliminary remark may be made. that at first the electrolytic 
lesions were intentionally very small. In the case of such complicated 
fibre areas as the globus pallidus it is essential that the lesions should 
be small, and in this respect the immense superiority of the accurate 
technique | obtainable by the stereotaxic instrument is especially seen. 
» method. other t than that which it has been By zo. to utilize 













































dorsal portion of the E MEME i^ 2. : 
.. The area. of the putamen involved in the lesion ig almost exactly one- 
quarter of its vertieal height, and one-half of its breadth. The lesion extends 
back from the anterior limit of the putamen to where the lateral zone of 
the globus pallidus begins, ie., i& involves about one-four th of the panes 
‘considered antero-posteriorly, as seen on horizontal section. i 
Degenerations. : 

(1) There is slight degeneration from the needis“ track ventrally in the 


external: capsule. | ; 
—. (2) The slight degeneration from the needle track of scattered. oial 
: fibres, mostly in the white matter underlying the gyri of the island of Reil, 
‘need not be further specified. 
vc. (8) From the site of the lesion in the putamen there is very well marked 
‘and easily followed fine degeneration in numerous bundles or pencils of fibres, 
all, without exception, degenerating in a ventral, caudal, and mesial direction, 
towards the mesial plane. The degeneration is strictly confined to fibre 
bundles on the mesial side of the lesion, ie., there is no. degeneration in a dorsal 
“or lateral direction. The degenerated bundles gradually converge as they pass | 
-caudally and ventrally, and fresh bundles of normal fibres appear in their place. 
. When the. lamina medullaris lateralis i is reached the affected bundles have con- 
.verged towards the o: junction. of its dorsal and middle thirds. Extremely few 
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Fic. 1.—Rh. 248/09. Lesion in the anterior and dorsal portion of the putamen. 





Fic. 2,— Rh. 280/09. Large lesion in putamen, which has spread round its margin. 





nter the lamina; by 

n the middle zone— _ 
f idles have converged 2d 
still more, at ‘the: dimension dom nd PINK aiff sed. The fibres keep 
closely together, and can be traced mesially as a narrowing peneil, gradually 
losing its degeneration, across the middle zone, across the lamina medullaris 
. medialis, to end by diffusing out in the centre of the mesial division of the 
. glopus pallidus. By this time complete new bundles have taken their place 
.. in the putamen and lateral zone of the globus pallidus. None of the 
degenerated fibres crossing the mesial lamina pass either dorsally or ventrally 
init. As the degenerated pencils travel caudally and ventrally, they gradually 
~ diminish in. quantity, partieularly after reaching the middle zone. 

—.. (4) None of the degenerated fibres reach the optic thalamus. None of the 
legenerated putamen fibres enter the internal capsule. 3 There is no degenera- 
tion in the ansa lenticularis, 

- IE Rhesus 280/09. —"The lesion is large, and as it were double. It a 
the whole of the lateral portion of the putamen and extends mesially half v 
-across the nucleus, destroying vertically at least a third of it, It is mans 
‘the anterior portion of the putamen | that is involved i inthe lesion. In addition 
the bubbles of gas have made their way anteriorly. and dorsally, round the 
xternal capsule, separating it from the putamen and. destroying the margin 
of the latter. The lesion has cut across a considerable number of cortical 
fibres entering the internal capsule on the anterior side (fig. 2). 
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sd 1) The “degeneration in the external capsule passes js ventrally ‘but soon 
disa ‚however, and is not so much as might be pected considering the 
‚position and degree of the lesion. Ge 
. (9) There i is marked degeneration of cortical fibres from the dorsal aspect 
others turning across 


















of the lesion, many passing outwards to the cortex a 
he corpus callosum. | = 
(3) There is, ebundant degeneration of fine fibres in the putamen, in 
bundles all passing mesially and at the same time ventrally and caudally. 
The amount of: degeneration from the lesion in the ütamen is exactly pro- 
x portional to the size ‚of the lesion, as is also the case in Rh. 248, showing 
=: that the degeneration originates in the putamen. The degenerated bundles 
. occupy at least one-third of the vertical height of. the nucleus, and can be 
traced easily across the lateral medullary lamina, across the lateral zone of 
the globus pallidus and the mesial lamina, to the centre of the mesial zone 
of the globus pallidus. As they traverse the nucleus they converge but keep 
= in bundles even where the fibres are closely amassed together, gradually 
= diminish in quantity of degenerated fibres, and diffuse out well across the 
mesial zone. They give off a few degenerated fibres to the lateral lamina— 
. only a small proportion of the total—and only one or two to the mesial 
lamina. They cannot be traced beyond the globus. pallidus. They do not 
= enter the ansa lentieularis. 
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(4) There is a slight degeneration from the putamen across the upper third 


of the internal capsule into the caudate ; numbers of healthy fibres come in the 
reverse direction. , 

(5) There is marked coarse’ degeneration of a large number of capsular 
fibres, readily traceable because of its striking contrast to the fine degeneration 
of putamen fibres. As they run side by side the two types can be easily 
distinguished (fig. 3). The degenerated capsular fibres do not give off any to 
enter either of the laminz medullares. A few which pass from the capsule at 
these points are found on serial section to be aberrant bundles which converge 
on the main body of degenerated fibres a little further ventrally. No 
degenerated fibres enter the globus pallidus from the capsule. 





Fic. 3.—Rh. 280/09. Contrast between coarse capsular degeneration and fine 
internuncial fibre degeneration (scarcely visible with this magnification). 


III. Rhesus 292/09.—The lesion is intentionally small, and almost identical 
with that of Rh. 248. 


Degenerations. 


(1) The usual putamen degeneration is present. All degenerated fibres 
pass in a caudal, ventral, and mesial direction ; none degenerate in a dorsal, 
oral, or lateral direction. The degenerated pencils of fibres can be traced 
to the mesial zone of the globus pallidus; they give off very few fibres to 
pass into either of the lamine. There is no degeneration into the optic 
thalamus or caudate, or of the ansa. The amount of degeneration from the 
putamen lesion is proportional to its size. 
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(2) One or twe fine bundles of degenerated fibres are seen apparently 
entering the putamen from the external capsule in its dorsal and anterior 
section. The presumption is that these have degenerated from the needle track, 
for they are well beyond the degenerated putamen area and they may be 
of putaminal origin and have coursed on the surface of the putamen. They 
skirt the internal capsule and apparently enter it. At the most there are 
about three such bundles, and they are very small. 

fV. Bonnet 316,09.— The lesion is further back in the putamen, and is of 


. interest because of its propinquity to the lateral medullary lamina (fig. 4). 


Degenerations. 


As the lesion is rather small the degenerated putamen bundles of 
internuncial fibres cannot be traced so far, but they are at their maximum 





Fic. 4.—Bonnet 316/09. Small lesion in putamen, near the lateral medullary lamina. 


when they cross the lateral medullary lamina, whence it is easy to determine 
that in this instance no fibres of these bundles leave the latter to pass dorsally 
or ventrally in the lamina. Healthy laminal fibres can be seen passing through 
some of the degenerated pencils. 

V. Rhesus 348/10.—The lesion is in the corona radiata just dorsal to the 
anterior extremity of the internal capsule; it has in no way implicated the 
putamen, while it has caught a large number of capsular fibres from the 
operculum and lower motor area. 


Degenerations. 

(1) There is gross capsular degeneration, not, of course, complete. The 
degenerated fibres are coarse and easily followed. No degenerated capsular 
fibres enter either the lateral or the mesial medullary lamina. No degenerated 
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fibres enter either the lateral or the mesial zones of the globus pallidus. None 
enter the putamen. 

(2) There is marked degeneration of associational cortical fibres in various 
directions. 

(3) A very slight descending degeneration oceurs in the external capsule. 

(4) Incidentally, it is seen that a considerable degeneration of fibres in the 
corpus callosum is present ; most make their way to the opposite cortex, but a 
fair number turn and enter the opposite internal capsule. 3 

(5) A few degenerated fibres " cut the corner” of the putamen to enter the 
internal capsule. 





Fic. 5.— Rh. 434/10. The lesion is mainly in the lateral division of the globus pallidus. 


The results of such an experiment as this go far to show that the fibre- 
content of the putamen is autogenous in origin. 

VI. Rhesus 434/10.—The lesion occupies the dorsal anterior portion of the 
lateral zone of the globus pallidus in its whole transverse extent, as well as the 
adjacent mesial portion of the putamen and the lateral portion of the mesial 
zone of the globus pallidus. It has completely destroyed the dorsal half of the 
lateral medullary lamina, and impinges very slightly on the internal capsule 
about the junction of its dorsal and middle thirds (fig. 5). 
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| o the. lesin new s healthy: pes goon appear in the lamina. A B ge number 
of fine fibres. entering - the nucleus by the lamina are: degenerated ; they do 
not follow . the: lamina . in its whee extent, pat leave ‘it to pasa into the 












ihe desto: wes running 
edge towards. the 
sial zone before they 
/ ME 'entral sections of the 
tic thalamis tio thalamic dor). “The gemnulation n these fibres, though 
ne, is perhaps. ‘not quite so fine as. in the pure putamen degenerations. 

It is noteworthy that considering the extent of. the lesion none of the 
volved fibres seem to travel far; they are all short; the longest are the 
rio- thalamic. - A number of the radial. degenerated. bundles, towards the 
ntre of the ‘nucleus, do not. pass the mesial zone ; after reaching well 
ross it they diffuse. out. Li 
- (4) In addition to the radial degeneration there is m 
| erse fibres in the middle lenticular zone, 
arallel to the course. of the lateral medullary lamina. Their calibre. is 
omewhat - “coarser, | and their degeneration is mor sattered or diffused ; 
hey can be. traced ventrally: and posteriorly to the ventral part of the 
ddle zone, where. most of them are brought together, and then turn again 
a mesial direction. as the ansa lenticularis. The- degeneration of these 
ranverse fibres. is. just as marked as the degeneration of the radial 
bres. anes - | RU 

(5) Most et. the tudin fibres crossing the internal: capsule obliquely are 
seen to be making their way to the corpus subthalamieum. It is clear that 
one of these radial fibres blend with the internal capsule i in its basal third. 

^. VIL Rhesus 450/10. —The lesion is analogous to that in Rh. 434, but it 
has invaded the internal capsule somewhat (fig. 6). — 
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Degenerations. n 

— (1) The main degenerations are identical with those obtained in the 
receding animal. There is marked degeneration: of. strio-thalamie fibres, 
;hich ean be followed mesial far into the thalamus as little bundles of 
egenerated fibres, keeping elosely together until they diffuse out. 

(2) The radial and transverse degenerations are as before. More 
egenerated fibres enter the ansa. The degeneration in the lateral lamina 
oon ceases, — T 2 
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FIG. 7 


i. 


Rh. 


488/10. 


The lesion is situated outside the putamen, at its posterior ventral 
extremity. 


: (4) There’ is. ‚well marked R tion of the. transverse fibres. ipit of 
^: the ansa lenticularis) in their anterior division, ie; that part which turns 
round the extremity of the capsule to reach the anterior ventral corner of 
cx the optic thalamus (the Hirnschenkelschlinge of older ^ writers). 
^. VIIL Rhesus 488/10.—This experiment was made to determine whether 
; any fibres enter the putamen from behind and below. ` "The needle has passed 
through the superior temporal gyrus and the lesion is situated i in the. claustrum 
and external capsule at the posterior ventral extremity of the putamen, which 
itself is not touched by the lesion (fg. T). | | | 
































Degenerations. E: | | | 
o) No degenerated fibres enter iké putamen from lateral side; all skirt 
the nucleus without: entering, except a few cortico-: nal or cortico-pontine 
fibres which “ eut the corner ’ ' of the putamen, but ca very easily be shown 
to be merely fibres of. passage. — ; 
(2) There is well marked. degeneration i in a dorsal 
ipsule, much more than in the other animals 3 
travelled ventrally. | * E 
A (3) Various dealin of ER associational fibres need not be 
further specified. | S 

IX. Rhesus 502/10. e lesion i is in the ventral p 1 por 
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Degene d tions. uc eed 





D (4) There i is well marked ascending degeneration i in it external eapsule and 
in the fibres of the insula. Tt is interesting to note ti number of degener- 
ated fibres enter the corpus callosum, but none at all: pass into the putamen. 

M (2) The most caudal part of the lesion, the exact situation of which is seen 
n fig. 10, is. excellently placed to show that some eo -pontine. fibres. pass 
across the putamen in its caudal section. merely as fibres of passage; there is 
-> no trace of any degeneration of putamen pencils. The degenerated fibres of 
.. passage are coarse and not fine. 

<: < (8) The double (transverse and radial) degeneration from the globus pallidus 
.. already referred to is particularly well seen. The transverse fibres, constituting 
an. integral portion of the ansa lenticularis, are grossly degenerated, and 
readily traceable across the internal capsule somewhat obliquely to: Forel’s | 
yond. The radial fibres, in fine coalescing bundles, — cross the 
l l | more obliquely to end. in the corpus ialamicum ;- sc 
these are also found. passing ventrally to the latter, s | g its ventral pute 
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Fic. 8.—Rh. 502/10. The lesion is ventral in the putamen and globus pallidus. 





Fic. 9.—Rh. 502/10. Photograph of stained section to show exact position of part 
of the lesion. 
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Fic. 10.— Rh. 502/10. The most caudal portion of the lesion is well placed to decid 
whether cortico-striate fibres enter the nucleus from below Ol behind. 





Fig, 11.—Rh. 26/11. Large lesion destroying putamen 
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to end in the substantia nigra. Both of these degenerations are very complete, 
and owing to the integrity of the capsule they are easy to follow. The former 
is clearly visible travelling in a caudal and ventral direction as far as the 
ventral capsule of the nucleus ruber. The fibres going to the substantia nigra 
come from the most ventral of the ansa group. They pass mesially in a more 
or less horizontal fashion, and correspond to the tractus strio-peduncularis of 
Edinger. 

(4) There is well marked but quickly disappearing dorsal degeneration im 
the lateral medullary lamina. 

(5) There is no trace of any degeneration passing laterally in the nucleus 





Fig. 12. —Rh ‚26/11. The inferior lesion is placed ventrally in the putamen and globus 


pallidus. ( 
or along the lamina, i.e., no indication of thalamo-cortieal fibres passing by 
the lamins® or otherwise through the nucleus to the cortex. 

X. Rhesus 26/11.— The main lesion, a large one, has destroyed the whole 
of the putamen and part of the lateral zone of the globus pallidus. The 
external capsule is completely destroyed about its middle (fig. 11). The 
posterior portion of the lesion has invaded the capsule and spread across it 
to the caudate. A second lesion, independent of the above, is placed in 
almost identically the same position as the lesion of Rh. 502, and from it 
important degenerations can readily be followed (fig. 12). 












Degenerati ons. 





v XM The ‘external’ ‘capsule is “degenerated dorsally and at but no 
‘fibres leave it to enter the putamen, in front of, or behind the main le&ion, 
except one or two ‘small bundles which cross to join the internal capsule. | 
| solitary degenerated fasciculus was seen apparently entering the putamen 
-. from the external capsule and so remaining. 
SEES (2) Certain cortical associational fibres that are degenerated need not be 
^ further specified. 
.. (8) There is well marked, fine degeneration in the region between the 
-caudate and the optie thalamus—the stratum subeaudatum of Sachs. 
_ (4) There is considerable degeneration of strio-thalamic fibres passing 
mainly into. the nucleus lateralis, but also, in less degree, beyond it. - 
(5) The typical degenerations of the ansa lenticularis across the capsule to 
orel's field and beyond, to the capsule of the nucleus ruber, are obtained, as . 
‚well as the radial degeneration of fine bundles more obliquely across the capsule 
o the corpus subthalamicum (strio- luysian fibres), and to the substantia nigra. 
. (6) There is no unequivocal evidence of degeneration spreading laterally 
n the putamen from tho M placed Sey lesion above noted. 
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he majority, can be followed i into sad though the « e lar Be which a are 
easily separable owing to their relatively large calibre, to th e regio subthalamica. | 
- Most pass to the corpus subthalamicum; some travel: further mesially, either 
t i: ‘through or round that body, to diffuse out just in front of the area where the 
: tractus cerebello-tegmentalis passes into the nucleus ruber. Tt is difficult to 
^ say whether they effect any definite union with the nucleus ruber. A number 
of fine degenerated fibres, belonging to this group, are also traceable into the 
substantia nigra. ; 
pos The second or transverse degeneration of rather. thicker, ea 
fibres, which at. first’ are less compactly arranged, consist of two parts, an 
anterior and a posterior. — The latter, constituting the. ‘major part of the 
degenerated fibres, can be followed with ease more dire à y across the internal 
eapsule as Forel’ s lenticular bundle (Hə) into Forel’s fi ld (fig. 14).. Here the 
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Fic. 13.— Rh. 96/11. Double lesion, both dorsal and ventral in the nucleus lentiformis. 
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Fic. 14.—Rh. 96/11. The dotted white lines indicate the course of the transverse ansa 
lenticularis from the globus pallidus to Forel’s field—the dorsal capsule of the corpus 
subthalamicum. 


ND PHYSIOLOGY OF THE CORPUS STRIATU 





fibres have. converged more and the degeneration ds consequently Intense‘ i 
(fig. 15). This tract of fibres passes mesially across the field and partially 
subdivides. The more dorsal fibres appear to end in a sort of rounded 
nucleus" near the: middle line (though from this " nucleus " some fibres 
pass ventrally to join the others), while the more ventral portion, somewh at 
larger, passes ventrally, caudally and mesially, and is definitely traceable to 
the lateral and ventral capsule of the nucleus ruber, where the degeneration 
énds. The anterior portion of the transverse degeneration, less in amount 
than the posterior, is seen to course round the ventral end of the internal 
capsule, passing between its fibres only in part, to reach the most anterior 
lateral and ventral corner of the optic thalamus. Of this anterior group, not 














Fic. 15.—Rh. 96/11. Intense degeneration of Forel' s lenticular bundle from a lesion of 
the globus pallidis. . A portion of it passes to the capsule of the nucleus ruber, 


*9 


a few, nevertheless, once they have crossed to the thalamus, turn ventrally 
and can be traced eventually to join the main posterior group in Forel's field. 

(2) Strio-thalamic fibres are severely degenerated. They cross the capsule 
more or less at right angles, and diffuse out mainly in the nucleus lateralis, but 
some travel further, in small bundles, mesially across the thalamus to the 
neighbourhood of the median nucleus. 

(3) The stratum subcaudatum of Sachs contains many fime degenerated 
fibres. 

(4) Anterior to the main lesion, degeneration is traceable in both medullary 
lamine. This passes dorsally in each instance, and can be seen to reach across 
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the upper third of the capsule to the nucleus caudatus, more particularly in the 
case of the mesial lamina in this instance. 

(5) There is a well-marked fine degeneration along the dorsal aspect of the 
anterior commissure. 

(6) A certain number of cortico-thalamie fibres are degenerated from the 
upper capsular lesion and are traceable into the ventral section of the thalamus. 
Across the mesial part of the zona incerta a few degenerated fibres are seen 
which have passed ventrally through the thalamus. e 

XII. Rhesus 116/11.— The main lesion is placed in the ventral part of the 
lentieular nucleus, extending over two-thirds of the nucleus in an antero- 





Fic. 16.—Rh. 116/11. The lesion is ventral in the lenticular nucleus. 


posterior direction. It has passed beyond the strict limits of the nucleus 
ventrally, invading the dorsal portion of the nucleus amygdalm external to 
the optic tract, in the area of the substantia innominata sublentieularis of 
Reichert (fig. 16). 

Degenerations. 

(1) There is considerable degeneration of lenticulo-caudate internuncial 
fibres, of fine calibre, passing from the putamen round the capsule to the 
caudate nucleus. Similarly there is much degeneration of fine internuncial 
fibres in both medullary lamin®e. Some in the lateral lamina pass across the 
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Fic. 17.—Rh. 116/11. Degeneration of the transverse ansa fibres in the globus 
pallidus, before they leave it. 





internal capsule. 
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capsule to the caudate, others turn off the lamina to enter the globus pallidus. 
The degenerated fibres pass dorsally in each instance. 

(2) Fibres of fine calibre also pass across the capsule from the globus 
pallidus to the caudate in small quantity but quite definitely. These are from 
the lateral part of the lateral zone of the globus pallidus only. 

(3) There is gross degeneration of the ansa lenticularis, and its fibres, 
medium in size, are very well seen as they converge towards the internal 
capsule, crossing it in more or less parallel curving fascieuli to enter Forel's 
field (figs. 17, 18, 19), aeross which they course mesially, partially subdividing 
into two groups: some end in a rounded " nucleus" at the mesial extremity of 
Forel's field (fig. 20), while the majority pass caudally, ventrally and mesially 
in a somewhat diffuse bundle and end by merging in the lateral and ventral 


Fic. 21.— Rh. 116/11. The radial ansa fibres passing obliquely across the basal third 
of the capsule to the corpus subthalamicum. 


capsule of the nucleus ruber. The anterior section of the ansa lenticularis, as 
described in Rh. 96, can be seen turning round the ventral extremity of the 
capsule to reach the antero-lateral and ventral margin of the optic thalamus. 
Again, some of its fibres then turn definitely in a ventral direction and join 
the main group in Forel's field. 

(4) The radial lenticulo-fugal fibres, fine in calibre, constituting another 
part of the ansa lenticularis, are also grossly degenerated. They are readily 
traceable partly as strio-luysian fibres passing to the corpus subthalamicum 
(fig. 21); many, however, pass mesially to diffuse out in the area between the 
body of Luys and the nucleus ruber; a few pass into the substantia nigra. 
It is difficult to determine whether any of either part of the ansa cross the 
middle line; a few appear to cross in the commissure of Forel to reach the 
opposite nucleus ruber. 
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© 
(5) There is marked degeneration of fine fibres along the “dorsal aspect of 
the anterior commissure. 
(6) There is a notable degeneration of Meynert’s commissure as it lies just 


posterior to the optic tract. The degeneration is in an anterior and mesial 
. direction from the lesion. 


(7) There is no evidence of lateral degeneration from the lesion, in any 
fibres of the putamen (fig. 22). 


Fic. 22.—Rh. 116/11. Absence of lateral degeneration from lesion in nucleus. 


CHAPTER IIL—ANALYsIS OF ANATOMICAL RESULTS OF PERSONAL 
RESEARCHES. 


A study of the small and strictly localized lesions produced according 
to the technique employed for the purposes of this investigation, shows 
that in several important respects experimental data serve to confirm 
and elaborate certain views as to the anatomical relations of the corpus 
striatum hitherto not received with any approximation to unanimity. 

The fibre system of the corpus striatum may be divided into four 
main groups :— 

(1 Fibres arising and ending within the corpus striatum (inter- 
nuncial). 

(2) Fibres arising in the corpus striatum and ending elsewhere 
(striofugal). 





(4) Fibres pa ing ieuh the Jorpus si iatum, but arising 1d 
inding elsewhere (fibres of passage). $c * 

I. In the first group several subdivisions may be distinguished. 

. (a) Internuncial Jibres from the putamen to the globus pallidus.— 
These are invariably of fine calibre, with a delicate myelinated sheath. 
They are massed into bundles or pencils, arising by the approximation 
of individual fibres, not always very close to their cells of origin, and 
running: mesially ; ; the anterior pencils converge as they pass in 8. 
"posterior. direction, while the posterior converge as they travel 
‘anteriorly; ; the most ventral run in a dorsal direction, the dorsal in a 
ventral direction, and in this fashion they all | converge towards the 
lateral zone of the globus pallidus ; ; here some of them diffuse out, 
"while other pass on to the mesial zone, where they i in turn diffuse out. 
© (b) From lateral to mesial zone of the globus pallidus.— Similarly fine 
myelinated fibres. arise in the lateral zone of the globus pallidus and 
radial bundles to the mesial zone. . 

(c) From. caudate to putamen.—Many fine internuncial fibres pass 
“across the dorsal third of the internal capsule from the nucleus cau- 
datus to the palamen, while others reach the lateral zone of the globus 
pallidus. cao T 2 

o dt ds perhaps MONEY of note that distinctly Bier fibres pass from 
the putamen to the caudate than in the reverse direction; and this is 
true also of the connexions between the globus pal | dus and the caudate. 
$ The composition of the lamina: medullares.—In the present series 
of experiments: lesions have been placed both. al " the dorsal and the 
ventral extremities of the lamine medullares. In one or two instances 
a degeneration has been obtained extending fro m end to end of the 

amina; as a rule, however, the degeneration takes. place along a limited — 
ength, the affected fibres then turning either into the putamen or the 
globus pallidus. Even the longest degeneration obtained is essentially © 
of a finely granular type, indicating the small calibre ‚of the laminal 
fibres—an important consideration. The lateral lamina is composed in 
great ‘part of caudate associational fibres passing in both directions. 
some of the putamen-globus pallidus fibres enter into its constitution 
for a short distance. The mesial lamina, similarly, i is composed of short 
onnecting fibres passing both dorsally and ventrally ; ; these are mainly 
internuncial fibres between the lateral and mesial zone of the globus 
pallidus for a » part only of their course ; from a. lesion in its ventral 





























"ipsia. | Caudata ‘assosiafional es are als ound is 
ntral section blends with and is reinforced by a number of transverse, 
slightly thicker, fibres, termed by Dejerine [17 ] supplementary medullary 
.... lamine, which go to form part of the ansa lenticularis, to be subse- 
~ quently described. 

2... Tt is always easy to distinguish between the fine degeneration of the .— 
. short internuncial fibres and the coarse degeneration of cortico-spinal im 
fibres; the difference is unmistakeable. Laminal fibres running close  . 
to or passing through the capsule can readily be separated from the ^. 
latter. The experimental evidence here furnished, therefore, negatives = 
| view of Obersteiner [60] and others, who place in the lamine | E 
ihalamo-cortical fibres in part of their course, and that for two reasons. 
Firstly, as has just been remarked, the laminal degeneration i is always one 
f fine-calibred myelinated fibres; and, secondly, in this series of experi 
ents, no fibres have been seen passing corticalwards along : ihe lamine 
ind so out of the nucleus. In fact, no indication of degeneration passin; 
aterally, ventrally or dorsally out of the globus pallidus or putam 
except at their extremities) from lesions in various parts. of thes 
uclei has been obtained. The conclusion is important, and reference 
ll be made to it again immediately. Dejerine [17] states. that from: 
ons of cortico-pontine, cortico-thalamic, and cortico-bulbar projection 
fibres in man there is pathological evidence that fibres, not of lenticul 
yigin, pass from the cortex by the lamina medullaris 1 medialis to t l 
orpus subthalamicum. I have obtained no experimental proof. of the > 
existence. of these fibres in apes. | 





















ALS : In the second group there are also a sibdivisiona.: 


(a) Strio- tha lamic fibres.—These constitute the minor portion ı o 
‘striofugal fibres to the optic thalamus and regio subthalamica. The 
are derived from the mesial groups of radial bundles of the globus | 
pallidus, and cross the internal capsule obliquely in its basal third to 
. reach the lateral and ventral sections of the thalamus. They can be . . 
|. traced passing mesially across the thalamus and diffuse out in the 
(S neighbourhood of the internal nucleus; a fair number, however, donot ^. 
~ — extend beyond the nucleus lateralis. Although Dejerine [17] regards the ^ 
| strio-thalamic group as arising in part from the putamen and caudate, . | 
I have failed to trace any degeneration into the thalamus from lesion 
trictly confined to the putamen.  Caudate-thalamic fibres. -perhap 
xist in small quantity. Probst [62], soo could not. i find. any afte 

















| my the cadidate. A group of fibres bud to the : ansa na, 
and corresponding to the Hirnschenkelschlinge of older writers, is, 
strictly speaking, part of the strio-thalamic system, since it passes 
from the globus pallidus to the optic thalamus. Reference will be made 
|. to this tract of fibres in the following description of the ansa lenticularis. 
pd (b Strio-subthalamic fibres.—The ansa lenticularis is a somewhat 
- complex fibre system, in which, however, certain. subdivisions are readily 
| istinguishable. 
. (a) The chief set of fibres in the ansa stands out onmistakeably as 
composed. of fibres slightly larger in calibre than the others, which 
are of the same size as the internuncial fibres already described. This 
tract arises in the lateral and mesial zones of the globus pallidus, runs 
more or less at right angles to the radially disposed pencils and is 
distinguished in the descriptions of experiments. given above as the 
transverse group. It passes directly across the. capsule in a slight curve ` 
with the convexity dorsal, and constitutes a closel y set bundle reaching 
and Sccupying Forel’s field. It corresponds to the lenticular bundle of 
Forel (HJ. The fibres pass mesially across Forel’s field and form 
a sort of Eu (noyau du champ de Forel—Cajal 3])ata point where 
the general direction of the fibres changes slightly from a latero-mesial © 
to a more antero-posterior direction. Many then pass ventrally and 
caudally and can be definitely traced to end in: ‘the ventro-lateral and 
ventral capsule of the nucleus ruber (figs. 23, 24). It seems possible, 
from one or two of my experiments, that a few fi bres continue across 
the mesial plane by the decussation of Forel to ‚reach the contralateral 
red nucleus. | 
This is the main group in the ansa lenticuláris; and the define 
2 of the anatomical connexion between the globus pallidus and the 
- nucleus ruber is of considerable importance. It is easy to distinguish 
- "these fibres from those of the capsule, indeed from any other tract in 
the neighbourhood. 
> .. Von Monakow([56] states that the ansa is derived mainly from the puta- 
SS men, but for apes this is certainly incorrect, as T have never found degene- 
ration in the ansa from lesions confined strictly to the putamen. Ina 
case examined ‚by Tarasewitsch [75], the ansa was inta iet though there was 
a large lesion i in the putamen. - irünstein 3571 fo l 
fibres i in the ansa from putamen lesions s (dogs). V 
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Fic, 23.—Rh. 116/11. The white dotted lines indicate direction taken by 
lenticulo-rubral fibres. 





Fig. 24.—Rh. 116/11. The white dotted lines indicate the way in which fibres 
of ansa, from the globus pallidus, reach the capsule of the nucleus ruber. 
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at some of th Bs orel’s field edge dörsally & across the 

zona incerta to eh the ventral portion of the optic thalamus, but 
have not been able to satisfy myself of the existence of such fibres 
in apes. Sachs [67] was able to put a small lesion in Forel’s field - 
by the methods utilized in this series of experiments, and he found 
that from it a. mesial degeneration passed caudally, ventrally and 
 mmesially to the ventral capsule of the nucleus ruber. Dejerine [17] 
. admits the independence of the ansa and capsular fibres, and describes 
the former as reaching the capsule of the nucleus ruber in man. 
Edinger [21] mentions he has found negative evidence of the exist- 
ence of the same connexions in the dog; after complete cortical extir- 
pation some fibres running with the otherwise entirely degenerated 
cortico-rubral tracts emained ; they were seen to be fibres passing from 
he corpus striatun to the. capsule of the red nu anni: L 125] and 
. Bechterew [5] had previously suspected thee L 
relation. Cajal [13] states very positively that otel's nie and field ; 
consist of | fibres. of capsular origin. © Les auteurs considéraient. ce 
cordon comme une dépendance du corps strié et un systéme tout à fait 
étranger au pédoncule cérébral. C'est le contraire qui est précisément 
la vérité. Il est tout simplement un groupe considérable de collatérales _ 
issues à angle roit du trajet des fibres motrice pédoncule cérébral." 
‘He makes the a solute statement that no fibres of the lenticular bundle 
cross the capsule entirely. It is impossible, nevertheless, to subscribe 
o these views, which are completely refuted by my own and other 
experimental evidence. Cajal agrees that the fibres of Forel's field 
almost certainly reach the capsule of the red nucleus, and remarks 
that “ nous ne cacherons. ‚pas que l'hypothése d ie terminaison totale 
ou partielle du cordon de Forel dans le noyau rouge est loin de 
nous déplaire, car elle comble une lacune laissée par l'observation 
anatomique." Probst. [64] also holds that the idle in question is of 
lenticular origin, as did Forel [27] originally, followed by Mahaim [50] 
and v. Monakow [55]. It may be mentioned in passing that no degenera- 
n | tion has been found in Forel’s field in amyotrophie lateral sclerosis. 
ve "Both Probst and v. Monakow state that the lenticular bundle of Forel 

(the dorsal capsule of the corpus subthalamicum) passes mesially and 
ventrally | to the tuber cinereum, forming a fasciculus tuberis cinerei. 
But I can find no proof of such connexions. in these experiments on 
apes. Probst even states he has traced fibres. “across to the corpus 
eniculatum externum of the opposite side. uos 
dn y. - Monakow’ 8 UST] recent monograph o on LU * Der rote Kern, die 








































































































ende has been ovóstócked] ^ Which is curious in view ol the dios. SIND 
- - mentioned investigations of previous observers and of the fact that there — p 
is a description of the nucleus ruber and its relations in the cat, dog, 

| - ape, &c., in the monograph. ex 
-Allusion has been made above to a more anterior portion of the ansa 
-lenticularis composed of fibres of similar calibre, which edges round the — 
mesial ‘extremity of the internal capsule to reach the ventrolateral . 
argin of the optic thalamus anteriorly. It constitutes. ihe most 
ate j erior . of the transverse ansa fibres, andi is of smaller dimensions 
| While some of its constituent bres ¢ do Bass. somewhat 


















! (8) The second. division of. the. “ansa Henkeuiie ds. moe of 
1 hily finer myelinated fibres arising ‘from the radial bundles. of the 
tous pallidus. They are ventral to the striofugal group to the nucleus 
uber just described, and they edge across the basal third of the capsule 
ch 1 more. obliquely. "They can be traced across ‘the capsular 1 fasciculi 
the latter extend into the crus. The great majorit y pass into the 
orpus subthalamicum (strio-luysian fibres) - and. diffuse out in “its 
terior. ‘Some, nevertheless, cross it completely and make the 
ay to the neighbourhood of the lateral capsule of the red nucleus, 
pproaching it from in front. It is difficult to > determine whether dae 
ffect any union with the nucleus. b 2 
A smaller number of fine fibres pass Signs across the crus. in 
resial direction, ventral to the corpus. subthalamicum, | : o reach the 
locus niger 7 c : | 
. . Edinger [21] describes fibres of E origin me thie holy dt p 
v S Tays; but they have not been demonstrated in my series of experi- eed 

ments. Cajal [13], similarly, alludes to capsular fibres, derived solely. — 

from the ventral part of the cerebral peduncle, and entering the body of _ rl 
- c Luys, but elsewhere he says that it is possible they are really striofugal. cu 

c fibres. The ventral fibres proceeding from the mesial globus pallidus to 
the substantia nigra are less in number than might be supposed from 
the ec comparative prominence assigned them by Edinger, who gives hem 
name of tractus: strio-peduncularis. No evidence of the occurren 
h fibres ir in man has as yet been 1 advanced, according to  Dejerine 1 
























































































| mé, the. following. count of 
ansa s lenticularis.a as ; determined by experiments. © es may be given :— 
It consists of two divisions, distinguishable b light differences in 
the calibre of. their constituent fibres. "The first is made up of medium- 
^. sized fibres running transversely from the lateral and mesial globus 
Pe pallidus across the internal capsule; its more anterior section reaches _ 
the lateral and ventral corner of the thalamus by rounding the ventral 
. end of the capsule; its main posterior section forms Forel’s lenticular 
- bundle, crosses Forel’s field, whence a good part of it extends ventrally 
and caudally to reach the ventral capsule of the red nucleus. The 
second is constituted by fine fibres from the radial undles of the globus 
pallidus, which edge. obliquely across the basal third of the capsule; 
the majority (mostly dorsal and middle bundles) . nd in the corpus 
subthalamicum, but some cross this mesially and turn caudally to end, 
apparently, in the immediate neighbourhood of : the anterior capsule 
of the. red’ nucleus; others (a few ventral bundles) ques ventrally to the 

C 'orpus subthalamicum, and end in the substantia n | 
No reference has hitherto been made to certain. ‚other parts of the 
regio subthalamica, viz., the zona incerta and the thalamic bundle of 
Forel (H,),. for the simple reason that in none of my numerous experi- 
ments on the. globus pallidus has any degeneration. been traced into 
either of these areas. On the other hand, when the internal capsule 
has been suitably. injured, there has been an evident degeneration of 
cortico-thalamic fibres. passing mesially and ventrally along, and forming 
a part of, the thalamic tract of Forel (H,). At its. caudal and mesial 
extremity some fibres make their way to the dorsal aspect of the nucleus 
of Forel's field. But no degeneration has been seen to pass to H, from 
the dorsal ‘capsule. of the body | of Luys (Forel's lenticular bundle), as 
is mentioned by Dejerine [17] to be the case. No degeneration has been. 
-found from the. globus pallidus to the zona incerta. Yet Edinger [21] 
. declares that more or less all of the fibres crossing ‘the zona incerta 
come from the ansa lenticularis, an opinion to which it is impossible to 
subscribe, as far at least as the ape is concerned. 

Ue (c) Striofugal fibres to the internal capsule or cerebral peduncle.— 
No unequivocal proof of the passage of fibres, fine or medium, from 
c either the putamen or the globus pallidus to the internal capsule or 
crus has been obtained. The general direction of the two divisions | 
of the ansa lenticularis is always oblique to that of the cortico-spinal .. 
fibres. Sir Victor Horsley has examined my specimens. independently 
and. agrees that. t. thay furnish. no evidence of such a s passage. 








| onstitution ot: the | 

























































































bst [63] has failed to fi | wit! | 
ne am concurs in admitting the | iudependones, o he an: 
> capsule. -Prus [65] thinks there are centrifugal fibres fr 
utamen to the erus, but offers no anatomical evidence of these, whic 1, 
for that matter, the work of other investigators and myself. renders. 
: more than problematical. E 
(5 (d) Strio-cortical fibres.—One of the noteworthy findings in tbis —— 
series of experiments has been the absence of any degeneration passing | p 
laterally from the lesions in the putamen and globus pallidus. In the 
putamen, for instance, no trace of outward degeneration. from the lesions 
s been noted. From laminal lesions no degenerated fibres p passing. by 
he lamine have been traced out of the corpus striatum to the corte: 
ternuncial fibres may degenerate lateralwards from lesions. of t 
lobus pallidus, but they are easily recognizable as ‘such. © With: 
herefore, enlarging on this matter further, it may be stated that strio 
ortical fibres are non-existent. | | Lt 

Apart from thalamo-cortical fibres crossing. the corpus riet 
ye referred to subsequently—Probst [63] found no ‘association fibr 
etween the nucleus lentiformis and the cortex after experimen 
esions of the former, and my results corroborate his in this respect. 
KO) Connexions between the corpus striatum and. contralatera 
tructures. —In a recent communication van Valkenburg [77], workin, 
n the corpus callosum, says: “ More than one preparation led met 
uppose that a part of the corpus callosum serves ‘to connect th 
1eostriata on each side, i.e., the nucleus caudatus and putamen. B 
r have. not been able to find . . . . a convincing proof of this. 
n analogy with the archistriatal commissure which connects the nuclei. 
amygdale, and a possible commissure between. the. palæost iata n 
V feynert’s commissure, such a connexion of the phylogenetically 1 mos $ 
'ecent parts of the striatum would not be improbable.” It has just i 
been remarked, however, that there is no trace in apes of fibres: passing 
. out of the globus pallidus or putamen in a dorsal or lateral direction to — 
| the white matter of the hemispheres (van Valkenburg's experiments — 
~ were on mice, rabbits, and cats). There is no evidence, & fortiori, od 
Uu. of striofugal fibres reaching the corpus callosum, for the ape, at least. - 
In one only of my experiments was there indication of fibres crossing — 
from. Forel’ s field by the commissure of Forel to the contralateral r d 
yucleus. © ‘They were very few in number. Sachs [er] has found su 
fibres degenerating from an electrolytic lesion in Forel’s field. Dejer 
17], however, says they go ` ea dd to > the contralateral “bod 












































































































It has; been held that the corpus ‘subthalamicum is connected with — 
the contralateral nucleus lentiformis by the inte ediation of Meynert's | 
commissure. This view has been supported by Darkschewitsch and — 
Pribytkow [16], as well as by v. Bechterew [5]. Dejerine [17] says 
. he*has seen degeneration of the commissure of Meynert after lesions of 
the globus pallidus, with integrity of the optic bandelette. In more 
than one of my experiments an exquisite degeneration was traceable 
along 1 Meynert’s commissure from one side to. e other. It is, how- 
ever, quite clear from a careful serutiny of the sections in a number of 
my experiments that Meynert’s commissure has nothing to do with the - 
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- fibres. It is De 
sus. that such: PR POM FE Be between the tiulis 
ind the caudate being close (Edinger, Dejerine,. Sachs). Reference 
s made to these for the sake of completeness. |. | 
| x) Subthalamo-striate jibres.—From a lesion in Forel's field Sachs 
d 7] has found degeneration passing laterally ac ‘oss the capsule in its 
asal third, and entering the globus pallidus, where it diffused out. 
No degenerated fibres entered the putamen. This egeneration resulted 
from the involvement of fibres passing in areverse direction i in the main 
part of the ansa lenticularis. Similarly, Dejerine (case Gardette) was 
. able to follow degeneration from a lesion in the regio subthalamiea: (1) 
mesially, according to the lines already fully deserit ed, and (2) laterally, 
X nsa lenticularis and Forel’s lenticular bundle to the globus | 
allidus. It would appear, therefore, that while the ansa lenticularis - 
nd the strio- subthalamic tracts are to a very la ' extent striofugal, 
ey ' also contain striopetal fibres. Such fibres. , no doubt, to be 
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expected, for it is a general rule that cerebral areas of grey matter are 
united doubly, though not always eqyally, to each other, by afferent 
and efferent fibre-systems, 

(c) Cortico-striate fibres —The experiments herein detailed show suffi- 
ciently that the corpus striatum is independent of the cerebral cortex. A 
few small fasciculi may cross the dorsal, ventral, oral or caudal aspects of 
the putamen from the cortical side, but they are fibres of passage. Weth 
practically complete capsular degeneration no fibres have been seen to 
leave the cortico-spinal path and enter the lenticular nucleus by its 





Fic. 25.—Rh. 80/11. (Not given in text.) The photograph indicates part of the com- 
prehensive lesions made to demonstrate the independence of the lenticular nucleus. No 
cortico-striate fibres were found. 


lamine or otherwise (fig. 25). Occasionally aberrant bundles may leave 
the capsule to diverge towards the lenticular nucleus, but they invariably 
join it again. No sign of Cajal's collaterals from the cortico-spinal 
system which arborize among the cells of the lenticular nucleus, and, 
according to him, transmit voluntary motor excitation, has been dis- 
covered. Besides, the calibre of the cortico-spinal group is distinctly 
larger than that of the fibres of the corpus striatum. 
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The .consensus of opinion among investigators is in favour of the 
independence of the corpus striatum and the cerebral cortex. A 
century ago Burdach [12] showed that the appearances suggested that 
the putamen was not connected with the cortex, and no evidence has | 
been adduced to:combat the contention; neither strio-cortical nor cor- 
tico-striate fibres exist.  Marinesco [51] alone has maintained that as 
& result of complete or partial destruction of the frontal lobe (in apes 
and dogs), fine degenerated bundles of fibres can be traced into the 
corpus striatum, more particularly the caudate.: Apart from the inexact- 
ness of such general experiments, Cajal [13] could not find any trace of 
such fibres and says there are no direct cortico-striate connexions. So 
also Dejerine and many others. The absence of any such anatomical 
paths renders nugatory Mingazzini’s [53] hypothesis ‘of subordinate 
motor centres in the lenticular nucleus under the influence of the cortex. 
All the anatomical and experimental evidence goes to demonstrate the 
complete autonomy of the corpus striatum. 

(d), Cajal places in the lenticular nucleus and caudate collaterals 
from the fillet, ascending sensory fibres, whose exact origin he does not 
further specify.. There is no experimental evidence. for the existence 
of such fibres in apes. It is perhaps scarcely worth mentioning now 
that the view formerly held by Flechsig [25] and v. Bechterew [5] of a 
participation of fillet fibres in the ansa lenticularis is quite discredited 
since the researches of v. Monakow [55] and Mahaim [50]. u 
IV: There’ remains the final question of any fibres of passage 
. running for part of their course through the corpus striatum. 

“ (a): Thalamo-cortical.— The experimental evidence in this matter 
has already been considered. It negatives’ the possibility of such 
fibres passing in part by. the lamine of the lenticular nucleus, and is 
thus definitely opposed to the views of Probst [63], Obersteiner [60], 
and others. Tschermak [76] believed that fillet fibres made a loop- 
shaped excursion through the nucleus lentiformis on their way to the 
cortex, but assent to this view cannot be accorded. In one instance 
only, it should bé said, have I found fibres whose relative calibre pro- 
claimed their ,extra-striate origin degenerating in a lateral direction 
from & lesion in the lateral zone of the globus pallidus. They were not 
laminal fibres. In all some two.or three small fasciculi were seen to 
contain somewhat coarse Marchi granules, and they were traced lateral- 
wards out of the putamen. In view of the fact that identical lesions in 
other animals failed to reveal any such fibres, those just mentioned must 
be considered aberrant bundles presumably of thalamo-cortical fibres. 
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In number they were quite insignificant, while the fact that they passed 
out of the putamen a little more centrally than the fasciculi previously 
alluded to, which “cut the corners" of that structure, is perhaps a 
sufficient reason for making a reference to them at all. 

(b) Cortico-thalamic.—It has been held, similarly, that some of this 
group pass by the laminse medullares of the lenticular nucleus, but there 
is no evidence of such a route in apes. : 

(c) Cortico-luystan.—Dejerine [17] says that ‘le corps de Luys . . 
reçoit de la corticalité cérébrale quelques très rares fibres qui passent 
par les lames médullaires du globus pallidus." However this may be.ın 
man, I cannot find them in the apes on which experiments have been 
made. " 


CHAPTER IV.—PEHYSIOLOGICAL AND GENERAL CONSIDERATIONS. 


The problem of the function of the corpus striatum in man, difficult . 
as it is, is brought nearer solution by a consideration of the anatomical 
(human and comparative) and clinico-pathological sides of the question, 
each of which will be found to furnish a material contribution to 
the subject. 

(1) It is essential in discussing the physiology of the corpus striatum - 
to think anatomically. Admitting the not infrequent error of sup- 
posing that anatomical juxtaposition argues physiological relationship, 
it is, nevertheless, a-more serious mistake to assign functions to an ` 
organ which it is anatomically incapable of carrying out. Now we 
have seen that the cardinal anatomical connexions of the corpus striatum 
are as follows :— 

(i) It.is independent of the cerebral cortex. 

(ii) The putamen and caudate are closely linked to each other, a 
both to the globus pallidus. 

(iii) The main striofugal and striopetal fibre-groups are related to 
the globus pallidus only, and not to the putamen and caudate directly. | 

(iv) The striofugal groups preponderate, and link the globus pallidus 
with the optic thalamus and the regio subthalamica, including the 
nucleus ruber, corpus subthalamicum, and substantia nigra. 

(v) The corpus striatum is not connected directly with the spinal 
cord. 

(vi) The corpora striata are, directly at least, independent of each 
other. 

From a consideration of these anatomical data, obtained by experi- 
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ments on apes, and known to be, in great part, if not entirely, identical 
in man, it is clear that the corpus striatum is an autonomous centre; 
in. other words, whatever its fuhction, that function is exercised inde- 
pendently of the cerebral cortex. Further, these anatomical data 
indicate that that function is motor in type, i.e., that it is exercised 
in an efferent or caudal direction. It does not, however, follow that 
because the’ main connexions are efferent the motor function of the 
organ is identical with, or even similar a0) the motor function of the 
cortico-spinal system.! 

Certain other anatomical features may here be referred to. By far 
the greatest number of the cells of the corpus striatum in man are small 
and of & more or less spindle or spherical and only slightly polygonal 
type, with scanty cytoplasm. It is mainly in the globus pallidus that 
larger cella are to be found; the former have short axons, the latter 
longer axons, and they belong to the striofugal group of neurons. 
There are not, however, in the corpus striatum large polygonal cells 
unmistakeably of the type of the Betz cells of the motor cortex or 
the ventral cornual cells of the spinal cord. Again, the calibre of the 
internuncial fibres is very fine, and that of the larger of the ansa fibres 
is less than that of the fibres of the adjacent cortico-spinal system. 
Without laying unjustifiable emphasis on these structural differences, 
they may, I think, be taken at least to suggest that the function of 
the corpus striatum and its projection-system is not, in man, identical 
with the function of the motor cortex and its projection-system. 

For anatomical reasons, therefore, apart from any other considera- 
tions, the possibility of the existence in the corpus striatum of “ centres "' 
in any way analogous to those of the gyrus precentralis must be regarded 
as very doubtful. Brissaud [9], Halipré [36], and others, explained the 
phenomena of pseudobulbar paralysis by placing hypothetical centres for 
articulation in the corpus striatum, but Brissaud apparently imagined 
that the ansa lenticularis joined the cortico-bulbar and cortico- 
spinal systems. There is, however, no direct anatomical path to the 


1 An additional anatomical fact not without interest is that the globus pallidus and its 
projection-system, the ansa lenticularis, become myelinated comparatively early in foetal life, 
but the significance of this fact is debateable. As the myelin appears, firsb near the cells of 
origin and appears progressively towards the ends of the fibres, it may be taken to indicate the 
direction of the nerve impulses. It 1s usually held that the appearance of myelin coincidea 
with the assumption of functional activity on the part of the fibre, but this view is not of 
universal applicability, Edinger [18] says it is surprising that the basal forebrain bundle 
‚does not always become myelinated early, s.g., in the young frog and salamander, and holds 
that ‘‘if medullary sheaths are developed whenever certain portions of the brain come into 
active use, then there are highly organized animals which do not make use of their forebrain.” 
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appropriate motor nuclei from the corpus striatum. No movements akin 
to the movements of articulation can be obtained by stimulation of.the 
putamen or globus pallidus in apes,’ and we shall see later that'phylo- 
genetic evidence indicates that'in man it is unlikely that the corpus 
striatum should possess more elaborate motor functions than in apes. 
Mingazzini [53] imagines, to explain the phenomena of aphasia, a 
“speech-motor path " from the cortical speech centre to the putamen, and 
a second “ verbo-articulatory path ” from the putamen through the globus 
pallidus to the crus and so to the pontine and bulbar motor nuclei. 
The probability certainly is. that such a system is anatomically 
impossible. 

On anatomical grounds the localization of “ automatic movements ”’ 
in the corpus striatum, or its description as a “ subcortical motor 
centre ” whose motor function is in any way analogous to that of the 
motor centres of -the cerebral cortex, cannot be entertained, : The 
independence of the motor cortex and the corpus striatum, and the 
peculiar projection-system of the latter, make these views untenable. 

(2) Evidence derived from the sources of comparative anatomy 
and physiology has an important bearing on the function of the corpus 
striatum. 

In the whole vertebrate series the corpus striatum is a prominent 
organ. Phylogenetically, it is a very old structure, consisting of the 
basal part of the telencephalon or fore-brain. In fishes it consists 
of a palmostriatum only, corresponding to the globus pallidus of 
the higher vertebrates: in reptiles and birds there are additions to 
it in the shape of (1) the archistriatum, corresponding to the nucleus 
amygdale of the apes and man, and (2)-the neostriatum, which 
represents the putamen and caudate nucleus. The palsostriatum or 
globus pallidus is the oldest part of the corpus striatum not merely 
phylogenetically, but also ontogenetically. Its cells develop in the 
fostus in mammals earlier than those of the other divisions, while 
the globus pallidus and the ansa lenticularis myelinate earlier than - 
the fibres of the rest of the striatum. 

The fibre-connexions of the palseostriatum are important. In all 
vertebrates a well-marked and definite bundle passes from the corpus 
striatum to the optic thalamus and beyond. As Edinger [19] says, a fibre- 
system found so universally and so obvious must have a special signifi- 


1 It should be said, at the same time, that Grünbaum and Sherrington [84] obtained no 
experimental evidence in the chimpanzee of the existence of a cortical centre in that animal 
analogous to Broca’s area in man. 
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“cance; it is, ande primeval (uralt). This basal bundle or basal 
fore-brain bundle (basal Vorderhirnbündel), a tractus strio-thalamicus 
-and tractus strio-subthalamicus in one, is essentially striofugal or 
centrifugal, i.e., efferent or motor, and it links the palsostriatum to the 
‘optic thalamus and to the motor centres of the mid- and hind-brain 
and spinal cord. According to Johnston [40] this linking of the palso- 
striatum to motor centres situated caudally is effected by means of 
the fascicülus longitudinalis medialis (posterior longitudinal fasciculus), 
the oral end of which is continuous with the caudal extremity of the 
tractusstrio-thalamicus. Thus the original motor pathway from the palmo- 
striatum is broken once in the optic thalamus, and the fibres arising here 
probably make connexion with widely separated ‘motor nuclei in the 
brain and spinal cord. Essentially the same motor conduction path, 
according to the same author, is found in all vertebrates, although its 
functional relations may be somewhat modified in mammals on account 
of the cerebral cortex. Whatever be the case in the lowest vertebrates, 
- the posterior longitudinal fasciculus in the mammalia and in man 
cannot have the same function as its homologue may have had as a 

“primitive somatic motor fasciculus.” The researches of Fraser [30] (cats 
and monkeys) show that only a few fibres unite the fasciculus to the 
optic thalamus, and these are all afferent to the thalamus or centripetal. 

The facts are important by analogy, for they supply another 
instance of cerebral function moving away from its original localiza- 
tion with the development of the vertebrate species. Like the ansa 
lenticularis, the posterior longitudinal fasciculus has, in part at least, 
depreciated. 

Edinger, however, does not describe the original tractus strio- 
thalamicus and tractus strio-subthalamicus (ansa lenticularis) as 
extending directly beyond the subthalamic nuclei and the substantia 
nigra in higher mammals; at the level of the posterior colliculi the 
bundle, important though it is, has disappeared. Van Gehuchten [31] 
has described an original “ tractus strio-spinalis” following the course 
just mentioned, but it is not clear whether he considers the posterior 
longitudinal fascicalus its homologue, or whether he admits that the 
path is really indirect. He says it has not as yet been found in 
mammals, in which he believes it is replaced by the cortico-spinal 
path. 

The researches of Ariéns Kappers [1] [2], de Vries [78], and 
de Lange [41], in the lower vertebrates, have shown that the palso- 
striatum is linked to the ne thalamus and ınid- brain, medulla oblongata 
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and cord by double connexions, both efferent and afferent. Its relation to 
the trigeminal system in particular, both motor and sensory, seems to be 
very close. This is well seen in the reptilia. lt is well recognized that 
the rule of double connexions between nervous ganglia obtains almost 
universally in the nervous system of vertebrates, so that while the main 
connexions of the paleostriatum are striofugal we cannot suppose that 
it is insulated from sensory stimuli in any way; on the contrary, we 
must conceive of the palsostriatum as a correlation-centre for various 
sensory impulses (olfactory, gustatory, &c.), from which passes caudally 
an efferent tractus strio-thalamicus, with connexions, for the execution 
of motor impulses. The part of the striatum associated with olfactory 
impressions is more particularly the archistriatum, the homologue of 
the nucleus amygdale in man. The archistriatum is connected with a 
tertiary olfactory path, and Ariéns Kappers thinks that even in 
mammals a part of the corpus striatum may subserve an olfactory 
function. However, be this as it may, the nucleus amygdale can 
readily be distinguished from the neostriatum (putamen and caudate) 
with which it is continuous only in appearance; its cell maturation 
is later than that of the palwostriatum and earlier than that of the 
neostriatum, and, as de Vries says there is doubt whether it may not 
really be pallial in origin, while Elliot Smith [72] has shown that at the 
palliostriate junction there is confusion owing to the rapid growth of 
(among others) the olfactory cortex in the neighbourhood of the corpus 
striatum, we may leave the archistriatum as not being of further 
interest for our subject. 

Looked at from the point of view of comparative physiology, we may 
regard the original corpus striatum, in Elliot Smith’s words, as that 
part of the original cerebral hemisphere whereby impressions of smell, 
and no doubt other sense impressions, may bring their influence to bear 
on the nervous mechanisms regulating movement. 

The palsostriatum, then, has a projection-system which consists of 
the basal bundle, or tractus strio-thalamicus and strio-subthalamicus, 
and which is continued, according to Johnston, as the fasciculus longi- 
tudinalis medialis, or at least as a part of the latter; this is designated 
by him the primitive somatic motor fasciculus. It is therefore to be 
considered the homologue of the cortico-spinal paths of man, and is, for 
instance, in the fishes, the sole descending tract that can be compared to 
the cortico-spinal motor system of higher vertebrates. 

With the progressive development of the brain the motor paths 
become more complex, When a pallium develops above the original 


THE ANATOMY AND PHYSIOLOGY OF THE CORPUS STRIATUM 481 


paleostriatum motor centre, as in reptiles, birds, &c., the descending 
paths are doubled. The earliest appearance of cortico-spinal fibres 
separating the two parts of the neostriatum and blending with the 
striofugal projection-system is in the higher reptilia, according to 
de Lange. The state of affairs in the bird’s brain is particularly 

« remarkable. In Ariëns Kappers view it is possible that the 
neostriatum of birds acts vicariously for the neopallium or cortex. In 
the tractus strio-mesencephalicus are mingled fibres both of striate and 
of pallial origin, and the suggestion is made that it is because of the 
necessity for economy of space in the brains of birds that such a state 
obtains. It should not be forgotten, however, that McKendrick [48], 
Ferrier [22], Mills [52], and others have shown definitely that the 
pallium of birds is electrically inexcitable ; Ferrier obtained no move- 

,. ments at all; McKendrick noted simply movements of the iris and eye- 
ball. The mammalian brain, in its turn, is very different from that 
of the birds and reptiles. The reptilia have an olfactory pallium ; birds 
a visual and an olfactory pallium ; the lower mammalia, & visual, an 
olfactory, an auditory, and a tactile pallium. With further develop- 
ment of the pallium afferent systems are pushed beyond the level of the 
thalamus and corpus striatum to reach it; and while in response 
-& definite cortico-spinal motor system is developed the primitive motor 
projection-system of the corpus striatum disappears, or, rather, is 
reduced to the ansa lenticularis, which does not extend beyond the 
nucleus ruber. Its function is replaced by that of the cortico-spinal or 
pyramidal tracts. 

In some ways there is a parallelism between the development of the 
corpus striatum as & whole and that of the pallium. The former, con- 
sisting originally of a palwostriatum possessing motor and correlating 
functions, develops by the addition of a neostriatum (putamen and 
‘caudate) which is found for the first time in the lower reptilia and 

` increases in relative size through the lizards, birds and mammals; so in . 
proportion to the corpus striatum as a whole the pallium develops 
increasingly through the vertebrate series. But the analogy does not 
carry us far; while the function of the pallio-spinal system usurps that: 
of the strio-spinal system we do not know that the neostriatum abrogates 
the function of the paleostristum. In fact the exact relation of these 
two to each other in functional activity is far from clear, that is, in the 
case of animals whose pallium is still comparatively insignificant. 

Indeed, the relation of the neostriatum to the palseostriatum is one of 
the difficult subsidiary questions in a.difficult subject. Ariëns Kappers, 
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apparently, is the only investigator who has devoted attention to the 
matter. He believes that just as in the higher mammalia and man the 
pallium has taken the place of the corpus striatum as a whole, so the 
neostriatum (putamen and caudate) takes the place of the paleostriatum 
(globus pallidus) in birds. In his view, further, the connexions of the 
neostriatum with the thalamus is an indication that the former has 
functions in relation to the fillet and trigeminal systems. Whatever 
may be the case in birds, this view does not commend itself in the case 
of animals with a better developed pallium. My experiments in apes 
show conclusively that the neostriatum has no projection-system of its 
own beyond the paleostriatum ; with the possible exception of a few 
caudate-thalamic fibres, the neostriatum is not connected to the thalamus 
or subthalamus at all; it is the globus pallidus which through the whole 
- vertebrate series possesses the important projection-system. This may 
perhaps suggest that the corpus striatum should be considered as a 
physiological unit, or, rather that the functions of the neostriatum and 
paleostriatum are blended. : 

It will be understood from this brief sketch, then, that at one stage 
in the development of the vertebrates the thalamus and corpus striatum 
functioned as a brain-in-miniature, the latter being a correlating centre 
concerned with the translation of sensory into motor impulses; but, 
even at the best, its motor functions must have been simple compared 
with the complexities of the pallium of the mammalia. In the course 
of development the corpus striatum and its projection-system have 
depreciated; they have had to abandon their positron of hierarchy in 
the field of motor activity. Thus the facts of comparative anatomy and 
physiology support the evidence derived from experiment. In view of 
the changing importance of the corpus striatam if becomes a delicate 
matter to allocate its function in the various animal groups; its function 
in man is not necessarily identical with its function in apes. Although 
the curious and unique features of the bird’s brain demonstrate con- 
clusively that evolution is not necessarily progressive, from the strictly 
motor point of view the corpus striatum seems to have been progressively 
shorn of its possessions; its proporticnate size in man is less than in 
any of the lower animals, and it may be that the superman of the 
future will have no corpus striatum at all. 

(3) We have seen that whatever function the corpus striatum once 
possessed there is no experimental evidence in apes to show that it 
exercises any motor function comparable to that of the motor cortex. 
' There is no evidence to suggest that it is a centre for so-called automatic 
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movements. It is electrically inexcitable, and comparatively large uni- 
lateral lesions do not give rise to any unmistakeable motor phenomena. 
In short, the only proofs that it does possess a function of a motor 
order, in the widest sense, as we must say we should expect it to 
exercise in view of its phylogenetic history and the facts of anatomy, 
are to be obtained by a consideration of clinico-pathological data. 

'* I have gone fully into the question of the physiology of the corpus 
striatum in man in my paper [82] on “Progressive Lenticular Degenera- 
tion," to which the reader is referred. It is unnecessary to recapitulate 
in this place; suffice it to say that in that paper arguments are advanced 
- in support of the view that the corpus striatum is a structure which 
exercises a steadying influence, vi& the lenticulo-rubro-spinal projection- 
system, on the innervation, from the cortico-spinal or pyramidal system, 
of the “ final common path "—the lower motor neuron, and that it is 
in & way concerned with the maintenance of “tone” of s skeletal 
muscles. 

We owe to the genius of Sherrington [71] the conception of the 
“final common path." At the commencement of every reflex arc is a 
receptive neuron, which is reserved exclusively for impulses generated at 
one single receptive source. The motor neuron at the other end, how- 
ever, receives impulses from many receptive sources. “It is the sole 
path which all impulses, no matter whence they. come, must travel if 
they are to act on the muscle fibres to which it leads. Therefore, while 
the receptive neuron forms a private path exclusively serving impulses of 
one source only, the final or efferent neuron is, so to say, a public path 
common to impulses arising at any of many sources of reception.” 
And again, “‘ reflexes originated at different distant points, and passing 
through paths widely separate in the brain, converge to the same motor 
mechanism (final common path) and act harmoniously upon it. Reflex 
arcs from widely different parts conjoin and pour their influence har- 
‘moniously into the same muscle. The motor neurons of a muscle of 
the knee are the terminus ad quem of reflex arcs arising in receptors not 
only of its own foot, but from the crossed forefoot and pinna, and tail, 
also undoubtedly from the otic labyrinth, olfactory organs, and eyes. - 
Thus, if we take as a standpoint any motor nerve to a muscle it consists 
of a number of motor neurons which are more or less bound into a unit 
mechanism ; among the reflex actions of the organism a number can 
all be brought together as a group, because they all in their course con- 
verge together upon this motor mechanism, this final common path, 
activate it, and are in harmonious mutual relation with regard to it.” 
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This illuminating conception of a “final common path” is not 
further applied by Sherrington in a detailed manner, but by implication 
it may be applied to the problem before us. The view which I hold of 
the function of the corpus striatum and its projection-system may be 
expressed as, follows :— 


Final Cammon Fath 


(lower molar neuran) 


Skeletal Muscle 


i 


Fic. 26.— Diagrammatic representation of the various influences that act on the skeletal 
muscles v1i& the final common path of the lower motor neuron. 


Various influences act harmoniously on the final common path of 
the lower motor neurons: (1) The cortico-spinal motor system extends 
from the Betz cell “ ganglion" to the arborizations round the anterior 
cornual cells, and its function is to innervate, or to conduct innervating 
impulses, originating we know not how in the cortex, to. the final 
common path. If this system is impaired or destroyed by a lesion the 
result is paralysis. (2) The cerebellar system also exerts an influence 
on the final common path. Its ganglion is the cerebellum, from which 
it extends by a series of internuncial neurons to the lower motor 
neuron. The cerebellum exerts a co-ordinating and co-operating 
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influence on the stream of innervation passing from the rolandie motor 
ganglion vi& the final common path to the muscles. The routes by 
which cerebellar influence is exercised are complicated ; some, perhaps, 
may pass by the tractus cerebello-tegmentalis to the opposite nucleus 
ruber and so back to the spinal cord on the same side; some travel by 
the superior cerebellar peduncle, contralateral optic thalamus and con- 
 twalateral' cortex and so back to the final common path by the cortico- 
spinal system itself. In this case the latter becomes an internuncial 
common path ‘as opposed to the final common path, and Sherrington 
makes it clear that such internuncial common paths are by no means 
infrequent. For the sake of simplicity, however, we shall indicate 
cerebellar influence in our diagram by an independent path. A lesion 
of the cerebellar path results in inco-ordination or ataxia, or better, 
= “dysmetria, while there is no paralysis. (8) Another important reflex 
path carrying impulses to act on the final common path is the 
vestibular. It extends from Deitere’ nucleus (to which there is a 
pritate path from the labyrinth) via the vestibulo-spinal tract to the 
anterior horn-cells. An additional allied mechanism is perhaps con- 
stituted by the posterior longitudinal fasciculus, which is linked to 
Deiters’ nucleus and also passes to the anterior horn-cells. Interference 
. with the function of the vestibular element in the activity of the 
final common path results in what is called by the French school 
“titubation.” It is of course commonly held that some at least of the 
cerebellar influx to the cord is transmitted by Deiters’ nucleus and the 
vestibulo-spinal path, and this may very well be so. But it is desirable 
to, attempt to separate cerebellar from vestibular elements in co- 
ordinate innervation, and for diagrammatic purposes, at any rate, one 
may properly be distinguished from the other. (4) Finally, there is 
the strio-rubro-spinal path, conveying impulses from the corpus 
striatum, vi& the ansa lenticularis, nucleus ruber, and rubro-spinal tract, 
to the anterior’ cornual cells. In what way impulses originate in the 
corpus striatum is immaterial—they may depend on stimnli from the 
optic thalamus by thalamo-striate fibres; in any case, the evidence for 
the efferent action of corpus striatum impulses on the final common 
path, by the route just mentioned, is not to be lightly set aside. T have 
said that this influence 1s one which steadies pyramidal innervation 
along the final common path. In the absence of this influence tremor 
is likely to occur, and, as a rule, with increase of pyramidal action so 
will the tremor increase. It isan action-tremor. The reader is referred 
tomy monograph for a full discussion of the evidence associating tremor 
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as well as hypertonicity of the skeletal muscles with defect of function 
of this internuncial system. 

The accompanying diagram (fig. 26) indicates sufficiently, and in a 
graphic manner, the way in which I conceive the corpus striatum to act. 

One or two questions remain for brief discussion. It may be 
asked, if this be the function assigned to the corpus striatum, and 
these the results of interference with that function, how is it I have 
been unable to obtain such symptoms in apes whose ansa lenticu- 
laris has been completely degenerated, or in whose corpus striatum 
large lesions have been placed ? It may be said by way of response 
that the data mentioned above, in Section (2) of this chapter, will show 
how different are the anatomical relations and proportions of the pallium 
and corpus striatum in different animal species, and it will be understood, 
as has already been remarked, that the funeétion,of the latter structure 
in apes may not be identical with its function in man.’ In fact the 
probability is that it is not identical. It should be borne in mind in this 
connexion that if the volume of the total encephalon be taken as 100, 
the proportionate volume of the basal ganglia is in man, 5; in the ape, 8; 
' in the dog, 11; in the sheep, 14; and so on. That is to say, there are 
certainly structural differences in this matter between man and the ape. 
Again, there are undeniable physiological differences in the various 
animal groups, as far as the independent action of inferior and superior 
motor centres are concerned. Complete section of the cervical or upper 
dorsal cord in the frog does not diminish muscular tone in the limbs, 
according to Crocq [15]; in the dog there is momentary diminution of 
tone, which soon returns, but- not quite to the same degree as before ; 
in the ape, there is persistent and marked diminution of tone; in man, 
there is definite and complete abolition of tone. Analogous results are 
obtained when the motor area of the cortex is destroyed in these respec- 
tive animals, as far as the region innervated by the destroyed cortical 
zone is concerned. Again, it is well known that the degree of recovery 
of movement after lesions destructive of the motor cortex in animals and 
in man varies considerably. After completely extirpating the hand ares 
from the right hemisphere of a chimpanzee Grinbaum and Sherrington 
saw an immediate severe crossed brachioplegia, but it diminished rapidly, 
and in six weeks’ time the animal had in large measure recovered the 
usefulness of the limb. In dogs and other animals lower in the scale 
the resulting paresis is even slighter and the recovery greater. 


1 It should also be noted that I did not allow any of my enimals to live longer than three 
weeks, while there is a possibility that longer time should elapse after the lesion before the 
onset of tremor could be expected. 
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In fact, the expression “motor centres” conveys very different 

meanings according as we speak of one or other animal group. As 
Mills [52] has said, in the rabbit, cat and dog, for instance, the motor 
centres of the cerebral cortex are not on the same functional plane. And 
this is equally true of higher mammals. There are differences in the 
organization of the various motor centres, moreover: in man, to take 
but one example, all movements are not equally readily abolished by 
cerebral disease, or equally readily restored. It is possible to remove 
the entire cerebrum of the pigeon, yet it is capable of flight when 
thrown into the air an hour later. On the day of the removal of the 
cerebral centres from the limbs, a rabbit will jump vigorously. A 
week after removal of the crucial motor area, a puppy will walk, 
run, scratch, &c., as before. Obviously it is not the same with the 
monkey, still less with man. 
' These facts are mentioned simply to show that man is much more 
dependent on his motor cortex than are the lower animals, and they 
suggest—what indeed a consideration of the facts of comparative 
anatomy has already emphasized—that corresponding differences in 
the importance of the corpus striatum for mp are only to be 
expected. 

The matter may be put in another way. In all the vertebrates 
there are higher and lower motor centres; in all, the latter are con- 
stituted by collections of grey matter in the cord and medulla and pons; 
the former are constituted by the corpus striatum in the lowest verte- 
brates, and by the motor pallium in the superior grades. The assertion 
is that the degree of independent action of the lower motor centres is 
greater in the less highly developed than in the more highly developed 
groups of the vertebrate series; the relation of the corpus striatum to 
‘its lower motor centres is different from that of the rolandic cortex to 
its lower motor centres, The corpus striatum, phylogenetically speak- 
ing, has never been a “lower motor centre," and in the event of cortical 
defect of function the degree of movement possible will depend on the 
organization of the lower motor centres, of which the corpus striatum 
is not one. In spite of the general similarities between the brains of the 
ape and of man, we cannot assume that a lesion of the corpus striatum 
in the’ one will result in the same disturbance of motility as is found 
with an analogous lesion in the other. 

We have seen that in birds there may be a vicarious functioning of 
the corpus striatum for the motor pallium. The question arises 
whether in man any compensation for pyramidal failure may be possible 
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by extra-pyramidal routes. My own opinion is that this is extremely 
unlikely. We have neither anatomical nor physiological justification 
for such a hypothesis. The suggestion has been made by Probst [61] 
among others, that in the '" Haubenbahnen" we have extrapyramidal 
paths capable of functioning for the pyramidal path. By these hé means 
the tractus tecto-spinalis, rubro-spinalis, &c. They descend to the spinal 
cord from the mid-brain. But, in the first place, we have no anatomieal 
knowledge of the way in which they might conceivably be reached from 
the motor ‘cortex, except in so far as there is a fronto-rubral tract. . 
Again, if compensation, of this kind be it noted, is possible, it should 
be met with constantly: this, however, is not the case. Permanent 
motor paralysis certainly occurs in man. As for the “centres” from 
which these descending ‘‘Haubenbahnen” arise, they are incapable, 
for anatomical reasons if for no other, of developing that capacity for 
complex and varied movement which would justify their being described 
as “lower motor centres.” 

The loose way of referring to “subcortical motor centres” ih the, 
basal ganglia and: mid-brain is to be deprecated. We are using two 
different connotations of “motor centre” if we apply it both to the 
motor cortex and the nucleus ruber. The sole subcortical motor centres 
which exist are the columns of motor cells in the anterior cornua, with 
their bulbar and pontine homologues. There may be, and probably is, in 
man, & latent power of subsidiary development of adjacent (perhaps not 
necessarily adjacent) cortical areas and tracts to compensate to some 
extent for loss of pyramidal function ; thus when a patient cannot write 
with his right hand, owing to a hemiplegia, he may learn to write with 
his left hand, or with his foot, or even with his nose he may indicate 
letters; in & case recorded by Bruce a completely paralysed patient 
affixed his “signature” to a document by holding the pen in his teeth 
and making appropriate movements with his head. Apart from this, 
however, & lesion of the pyramidal system in man entails permanent 
loss of certain movements—a state which does not appear to obtain in 
the ape. The degree to which the spinal cord is capable of automatic 
“function has not yet been sufficiently investigated, so far as man is con- 
cerned, but it is known that in the lower animals—Goltz’s [33] dog’ is 
a classical instance—the spinal cord achieves very much in the absence 
of the motor cortex. In that instance the corpus striatum, as well as the 
cortex, was removed [43]. Of old the Emperor Commodus decapitated 
his ostriches in the arena, round which they nevertheless continued 
to perambulate for a long time. It is probable that in'man the sub- 
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cortical, 2.e. medullary, motor centres do not possess, or rather retain, that 
faculty of independent action so characteristic of creatures lower in the 
scale. But there is no vestige of evidence, I repeat, that in man the 
corpus striatum is capable of assuming a long-lost function and of acting 
vicariously for the motor pallium. Its true motor function has gone, 
never to return. 

" One final question remains. Admitting that the corpus striatum 
has no longer any motor activity comparable to that of the motor cortex 
or of the spinal cord, and that its motor function ig one of steadying 
(I purposely avoid using the difficult word ‘inhibiting ") innervation as 
it streams along the final common path, is there any evidence to suggest 
that the organ under discussion has developed in other ways, and that 
it may be associated with innervation of non-striped muscle fibre? 
Does it bear any relation to organic, visceral activity? Has it to do 
with a central representation of the sympathetic and autonomic 
systems? —— 

Langelaan [42] has put forward the hypothesis that the corpus 
striatum, with the body of Luys and the substantia nigra, is the highest 
motor centre for non-striped muscle. A great deal of attention has at 
different times been devoted to aconsideration of the view that in the corpus 
striatum is a heat-regulating centre; also a respiratory centre, a vaso- 
motor centre, a blood-pressure and pulse-controlling centre, and so on. 
There are obvious difficulties in the way of accurately determining such 
functions by experiment, and the evidence hitherto adduced is far from 
convincing, besides being in some ways contradictory. The variety of 
animals operated on is also a very important complicating factor. In my 
. own experiments no evidence was obtained of any disturbance of respira- 
tion from stimulation or destruction of the putamen or globus pallidus 
in apes. And, further, the question must always remain, assuming any 
of these functions for the sake of argument, how are they carried out ? 
Until we, have clear anatomical proof of the connexion of the corpus 


! It would make this paper much too long if one were to attempt anything like a complete 
resumé of these various investigations, the original descriptions of a large number of which 
have been perused. The unsatisfactory nature of much of the work has been clearly exposed 
by v. Bechterew [6], to whose chapters on the subject the reader is referred. Very briefly, 
the following are his main conclusions. (1) The corpus striatum (nucleus candatus) is not a 
centre for respiration ; (2) nor for the vocal cords; (8) it has no influence on movements of 
the stomach and alimentary canal; (4) it has no connexion with the urinary bladder; (6) nor . 
with the organs of sex; (6) if may have some association with the heart and blood-vessela by 
the vasomotor system; but similar experimental data are obtained from the optic thalamus; 
(7) it may have some connexion with the maintenance of body tamperature, but how ‚this 
is effected 18 quite obscure, 
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striatum with recognized bulbar centres, by direct or even intercalated 
neuronic communication, we cannot get any further in such matters. 
Such anatomical proof, as far as my knowledge goes, is not yet 
forthcoming. 
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-ON APHASIA DUE TO ATROPHY OF THE CEREBRAL 
CONVOLUTIONS. 


BY DR. G. MINGAZZINI, 
Professor of Neuropathology at the Royal Universtiy of Rome. 


SCAROELY ten years have elapsed since attention was drawn, first 
by Pick and subsequently by Dejerine and myself, to certain cases 
of aphasia which, as was proved by autopsy, were not caused by 
tumours or other diseases of the speech-zone, but were due to more 
or less severe atrophy of the respective convolutions. 

Although the preceding observations have since been partially 
confirmed by other writers, nevertheless the literature dealing with. 
this subject is still very scanty, and often consists of accounts of 
incomplete researches. For this reason, I have decided to publish 
the details of the following case, which I studied both during life and 
post mortem at the lunatic asylum in Rome. 


Pio Marini, aged 59, a gilder. The patient, from his condition, is unable to 
give any information. He has never suffered from any infectious disease, or 
from syphilis, and has been moderate in the use of wine. About two years 
previously (1907), the first symptoms of the disease began to show themselves 
rapidly. These consisted in a tendency to impulsive actions, as well as in & 
difficulty’in speaking and in understanding what was said. Those around the 
patient noticed that he gave the most curious names to the commonest 
objects (paraphasia); and that when his intimates did not understand him, and 
persevered in trying to ascertain his wishes, Marini could not comprehend 
their questions and broke out into threats and accesses of rage. The symptoms 
continued slowly and gradually to increase, without any signs of a stroke. 

This state of affairs obliged the patient’s relatives to send him to the 
lunatic asylum on March 1, 1909. | : 

The patient's condition, March 10, 1909.—The eye movements, as far as they 
can be tested, are normal. In showing the teeth, the right upper lip becomes 
tremulous; the tongue can be fully protruded, and is slightly turned towards 

„the left. The upper and lower limbs are able to perform all the usual active 
and passive movements, but, in producing the latter, the amount of resistance 
encountered is somewhat greater than the normal. The tendons and periosteal 


494 | ORIGINAL ARTICLES AND CLINICAL CASES 


e 
/ QI 


reflexes of the upper limbs, and especially those of the lower limbs (patellar 
and Achilles tendons) are exaggerated. There is sometimes very evident foot 
clonus of the left side; the plantar reflexes give a flexor response. The 
abdominal reflexes are greatly exaggerated. A general hypalgesia is present. 
Speedy dermographia is evident. . 
Condition, March 19, 1909.—' Phe patient remains quiet. At first he 
used to rave somewhat, and often called for a certain Don Antonio, who, accord- 
ing to him, ought to take him home; then he became calm, and showed himself 
indifferent.  Echolalia is often noticed. ` 
~ Exammatton of the patient's speech.— When questioned, the patient replies 
correctly only when asked his christian name and his surname. If other simple 
questions are put to him, he either repeats them (echolalia, or perseveration), 
or says: Don Antonio"; "I do not know." He carries out verbal commands, 
provided they involve more or less common movements, with exactitude and 
rapidity ; when, however, it is a question of obeying orders which are a little 
more complicated, he always replies “Don Antonio,” and does not execute 
(does not understand) the order. He repeats words exactly. On being shown 
objects, and asked to name them, he succeeds at first (spoon; glass) and then 
replies a8 follows :— 


Q. f À. 
What-is-this-called ? (a bottle). . Don Antonio. 
a 5 (an inkstand). Marini Pio. 
* 7 (a, pen). . Marini Pio, gilder; then, I do not know ; 
| then, a patnt brush. , 
n ” (nose). Nose (after touching it): 
33 S (ear) . Ber (dem). 
* á (lips). Chin. 
” ” (a watch). I do not know. 


When invited to read, he often repeats: " Marini Pio," or " Don Antonio." 
Sometimes, on beginning to read, the patient reads two or three words 
correctly, and afterwards reads some words in a quite mutilated manner, - 
and then stops, puts down the book, and tries to induce the examiner to allow 
him to do something else. 


Written to dictation :— 


Marini Pio. Marini Pio. 

. Manicomio. l 
Roma. The patient always writes Marini Pio. 
Roma. l 


+ 


Comed.—The sentence to be copied ran as follows: “Sə avete dei dubbi 
sulla campagna elettorale del ' Messaggero’ (if you bave any doubts as to thé 
electoral campaign of the ' Messaggero’).” He wrote “ Marini Pio.” 
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Condition, August 5, 1909 :— 


Examination of Speech. Perception of Commands. 
Q. Á. 
What is your name ? Pio Marini. 
Shut your eyes. He obeys. 
Open your mouth. The patient does not open his mouth, 
but closes his eyes. 


Stand up. He obeys. 

Sit down. He obeys. 

Raise your right arm. The patient gets up and raises his left 
arm. 

Get up, and go to the door. The patient gets up, but does not go to 
the door. 


Take the inkstand. The patient does not obey the order. 


The patient thus understands part only of the commands. He often 
repeats the last words of the orders without understanding them (echolalia 
automatica), e.g., Stand up, he repeats: “Stand up” (and does not do so), 
Go tq the window; he says: “Go to the window” (but does not obey). At 
other times he persists in using the same words; thus when shown different 
objects such as a pencil, a glass, spectacles, and asked their names, he always 
says: “ Don Antonio.” 


Condition, February 12, 1910 :— 


Examination in the Comprehen- Perception of Commands. 


sion of Speech. 
Q. A. 
Shut your eyes. He obeys. 
Put out your tongue. He obeys. 


Stand up. 
Give me your hand. 


Shut the door. 
Touch your ear. 


Put on your cap. 


Roma. 
Papa. 
Angelo (angel). 


Repubblica (republic). 


BRAIN.—VOL. XXXVL | 


. Repetition of Words. 


The patient does not obey, but says: 
“ Don Antonio.” 

The patient raises both hands, but does 
not obey. 

The patient shuts his eyes. 

The patient does not obey, and exclaims 
“Don Antonio.” 

He repeats : " Put on your cap,” but 
does not do so. 


A. 
Roma. 


Papa 
Angelo. 
Repubblica. 
33 
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Uccello (bird). 


Napoli (Naples). 
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Q. 


Il mare 4 immenso (the sea is vast). 
Il cielo è bello (the Fi is beautiful). 


La campagna é bella (the country 


is beautiful). 


Repubblica popolare (popular re- 


public) 
La casa à grande (the houa ig 


large). 


Circoscrizione (circumscription). 


Cireondariale. 


Artiglieria (artillery). 


» LÀ * * LJ . a 
Circoncisione (sireumeision). 


i 


A. 

Uccello. 

Napoli. 

Immenso. | 

The patient first repeats ' il cielo,” and, 
on the command being repeated, 
replies: “è bello." 

E bella. . a 


Popolare. 


This the patient does not repeat. 


| . The patient repeats the word with some 


clear dysarthrie disturbances. 
Circondariale. , 
Artiglieria? I do not know the wad 


He does not repeat the word. 


When perd objects are placed before the patient, ann he is AEE to 
carry out an'order, the results are as follows :— 


Take the watch: 
'Take two soldi (two 


pieces). 


‘Take the keys. l 


Q. 


Take the scissors, 


Take the book. 


Take the inkstand. 


Take the bottle. 
Take the hat. 


m centesimi 


^ 
i 
a 
t 


oe FR 


Take the handkerchief.’ ’ 


When different objects are shown to the patient, and he is asked to name m 


Á. 
The patient obeys. 


. He does nob do so. 


The patient does not obey, but exclaims 
“Don Antonio.” 

Idem. 

Idem. 

Idem. 

Idem. 

Idem. 

He takes a bn: centisimi pieco. 


them separately, the results are as follows :— 


Object. shown. 


A watch. 


A pair of scissors. l 
On making him take them in his 


hand. 


- À soldo (making him feel dije 
- A pair of spec; 


À bottle. 


f 


es. 


Á. 
A watch. 
A pair of spectacles. 
I do not know. í 


I do not know. Don Antonio. 
Don Antonio. 
Don Ántonio 


his right ieee’ He often eats with his hands, a E in de don 
saspoon. If a plate of soup is placed before him, the Parent t bocins B 
t with: his hands, then he takes up his Spoon Wc H rthe 


| i a on his ples ud 
i his mes and draws his shirt o over the Titer and die them 4 e 


S bonnes iust is rioei to the N T E" 

ds udn Antonio.” When asked to read the sentence, "Sen 
without pity), he reads ‘ “ Aprile 30. di When the request is repeated, 
ug piri, When asked to foi | ‘Concorso - ippico,” he read 
io.” The retient ig is Zmahie to a any easy. w J 


Comprehension | of Ge en 


A. 
. Don Antonio, 
à —. No reply. 
hat co uby do you Han ? —— No reply. 
$ is your father’s name? SEO No reply. 


Repetition : His spontaneous OR is reduced to “pronouncing dh wota | 

on Antonio"; he retains the capacity of repeating these words , although : 
ith decided d ysarthrie troubles ; word-blindness and. | agraphia are complete, . 
nd word deafness i is almost complete. = SR 

Yoluptar movements of the face, the tongue ae ‘dita, TEN h the 
nion reflexes, w were in the same condition as at the time > of the ‘preceding E 


"The pálient has; a ‘dood petosption * of flight when it comes bon ilis: right p 
but shows a certain fear if the light approaches toc near his eyes. e 
londition, October 23, 1910.— In the afternoon th 'atient suddenly: began ; 
run of his: own accord, and fell down, producing brasions of the skin on . 
| right side of his face. Asa rule, he only walks aimlessly about the 
den, he does : not recognize the refeotory, the water-e set, or the. dormitory, 2 


1c alvays needs £ sistance i in Padog his ¢ own bed. In dressing, he is alway 





< 


2 . 
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able to put on his vest and shirt properly, but is unable to get on his coat, 
unless the nurse puts it on his shoulders, when he manages quite well. 
Often, after putting on one shoe and sock, he goes out of the room and begins 
to walk about, carrying the other sock in his hand. As a rule, he does. not 





Fic. 1.— Photograph of the brain seen obliquely from above. Note on the right, the 
contrast between the enormous atrophy of the convolutions of the prefrontal lobe, and the 
normal volume of the rolandic convolutions. 





Fic. 2.— Photograph of the prefrontal lobes of the brain, seen from above. Note the 
enormous extent of the atrophy of the corresponding convolutions. 


succeed in putting on both socks without the assistance of the nurse. Almost 
every morning, while sitting on his bed, he draws his socks over his hands, and 
then puts his hands into his shoes, then, however, following the suggestions 
and indications of the nurse, he finishes by putting on his socks and shoes 
properly. He eats, for the most part, with his hands, but when necessary he 
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manages his spoon well. At night he undresses himself properly and folds up 

his clothes neatly. 
The late appearance and slow progress of the symptoms of aphasia, the 

absence of strokes or any focal symptoms, together with the ever-increasing 





» 

Fic. 3.—Photograph of the right cerebral hemisphere of the brain of the same patient. 

Note the conspicuous atrophy of the pars opercularis of F? and of the middle and posterior 
portion of T", 





Fic. 4.—Photograph of the left cerebral hemisphere of the same patient. Note the serious 
atrophy of the pars opercularis of F* and of the middle portion of T', 


"dementia, led me to conclude that the patient was developing progressive 
atrophy of the cerebral convolutions, to which must be attributed the 
increasing speech defects. This diagnosis was confirmed by his death, which 
occurred on December 15, 1910. 

Autopsy.—There is nothing amiss with the dura mater. ' The pia mater is 
normal and easily removed from the cerebral convolutions. 

In the left hemisphere the frontal sagittal convolutions, especially the first and 
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second, the pars orbitalis and triangularis of the third frontal convolution have 
noticeably decreased in volume (fig. 1), and scarcely attain half of their normal 
size; they seem of an almost fibrous consistency to the touch. The median 
and posterior parts of T' and T’, and especially the gyrus angularis, are some- 
what diminished (figs. 1 and 4). The corresponding sulci are enormously enlarged. 
In the right hemisphere the pre-frontal (fig. 2) and temporal convolutions are 
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. Fic. 5.—Section of the cortex of the left T". (Stained with Pal's hematoxylin ; t, 
tangential fibres, A very slight rarefaction of the fibres of the medullary axis is seen, 
the transverse fibres of the supraradial plexus are here and there slightly rarefied. 


much reduced, although to a considerably less degree than is the case with 
those on the left (figs. 2 and 3). The median portion of T’ is almost as much 
reduced as that of the corresponding eonvolution on the left side. In the 
zones where the convolutions are atrophied, the pia mater is raised here and 
there into little eysts containing a clear, serous liquid. 






Se We DEN en poo ae, So AE EY. CENE 

je MEMES M ol Reig METRY REND. . cotes PERSE dM 
.. * ON APHASIA DUE TO ATROPHY OF THE CEREBRAL CONVOLUTIONS 501 
"vg ar 27254 s » p T on? i bU ' > ‘ 

io ve e "moe mjt v - P 2 , À ú * v . ~ d 

$ e 2 € to * éj e i g , . , 

—- . For the purpose of studying the condition of the cells, and the nerve-fibres 


e to the acoustic and motor word spheres, I examined at measured points on the 
. right and left, the pars opercularis of F’ and the passage zone of the latter 
= with the lower extremity of gyrus precentralis and the median point of T". 
. All these were stained either with Weigert-Pal's hematoxylin, or with 
—  hiematoxylin-eosin. > . 
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Fic. 6.—Section of the cortex of the middle portion of the pars opercularis of the left F° 
(staining as above). Note the almost complete disappearance of the tangential fibres (f) and of 
most of the fibres taking part in the formation of the infra- and supraradial plexuses, In one 
part of the section (on the left of the figure) the disappearance of the medullated fibres is so 

... nearly complete, that scarcely any traces of them are visible, The fibres of the medullary 
axis are so rarefied and degenerate that even in the most successful preparations they are 
- conspicuous from their very pale colour. 


In sections eut at the level of the zone of passage between the pars oper- 
— cularis of the left F” and the lower extremity of the gyrus precentralis (fig. 11), 
the nerve-fibres composing the medullary axis are very scarce, many are very 
thin and dilated from time to time in such a manner as to have an actual 
moniliform structure. The radial bundles taking part in the formation of the 
infra- and supraradial plexuses are attenuated, and the nerve-fibres accompany- 
 -ing them are broken and dilated; some of the transverse fibres have 
. disappeared, almost all that remain are broken and dilated; very rarely the 
-~ tangential fibres are replaced by a few swollen fibrils. 


.— of the cortex of the atrophied convolutions, and especially of those belonging - 
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In the sections of the same zone stained with hematoxylin-eosin, the nerve- r 
cells of all the strata show, to a greater extent than in the other convolutions 


examined, she alterations already described, the disappearance of a considerable 
number of shese elements being especially noticeable (fig. 12, and fig. 9, a, b, c, d). 
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Fic. 7.—Section of cortex of the pars opercul of the left F* (stained with hiematoxylin-eosin. 
Enlargement objective 4, ocular 2 Leitz); p, pia mater, A good number of the nerve-cells are 
present, and to much larger extent than in T' ; further, also here, there are but few which have 
kept their pyramidal form. 


In sections cut on the level of the median part of the left pars opercularis of F" 
(fig. 6), the alterations of the medullary nerve-fibres described in the preceding 
sections are much more conspicuous. The fibres constituting the medullary 
axis, especially towards thg dorsal (apical) half, are almost all broken during 
their course in such a manner that they are replaced by a number of little 


“> 
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A... masses a EL iet odi) which aie irruit Wibous any odor abd 8). 
-~ In the same way, the transverse fibres, and also the radial fibres making u 
. . the two plexuses, have disappeared in much larger numbers. The tangenti 


NI . fibres are reduced to a few irregular fragments occurring here and there. Here Pu 
= * we observe the same alterations of the nerve-cells as in T, The number of ue 
— those preserved, however, is relatively larger (fig. 7, and fig. 9, c, d). M M | 


- 


^] In frontal sections of the cortex of the median part of the left T’ there are, | 
‚= inf the medullary axis of the Pal preparations, numerous small bundles of well- = 
preserved fibres (fig. 5), though here and there a fair number of degenerate 
s "n medullated fibres occur, and small masses and drops of myelin. Also in the " = 
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Soe i Fic. 8.— Segment of the medullary axis of the pars opercularis of the left F". Much lee 
enlarged. (Enlargement, objective 6:7, ocular 4 compens., Leitz.) In the place of the radial | 
j Ni . nerve-fibres running longitudinally are seen numerous little blocks of myelin, which are more 4 
Nes or less dilated, and separated from one another by large clear spaces. ' bh 
| N 
* nearly all of these have, however, a moniliform structure owing to their having — . x 
- become dilated during their course. The tangential fibres are, to a great extent, ^. 
Ts m preserved. In the hwmatoxylin-eosin preparations the following facts are | s i 
ee: observed; a considerable number of nerve-cells are seen to have disappeared, = = 
(fig. 10), and in almost a uniform manner in all the strata. In those which z À 


have still been preserved are clearly seen the nucleus with its network 
-~ — and nucleolus, in many the cytoplasm. is almost completely filled with granules 


of a yellow pigment; in others the cytoplasm has in a great measure dis- 
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. . appeared and only stains slightly (fig. 9, e, f). . Thus, not a few of the | 
- . pyramidal cells seem as if truncated, while in others the surrounding 
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protoplasm has completely disappeared, and it is not always easy to distinguish 
the nucleus of the nerve-cell from the nuclei of the glia. The fibres and the 
cells of the glia are normal in number, only on the periphery of the cortex 
of the said convolutions are the bundles similar in their thickness and shape 
to those described and figured by Franceschi. Thus there is not always à - 


Fig 9 —Types of nerve-cells of the cortex of the convolutions belonging to the motor word 
and to the auditory speech zones of the left side. Stained with, hematoxylin eosin, (Enlarge- 
ment, Leitz, ocular, compens, 4, objective 14 min.). «a and b are nerve-cells belonging to the 
cortex of the passage zone between the pars opercularis of left F* and the gyrus precentralis, 
in which the cytoplasm has in part disappeared ; b, nerve-cells (pyramidal), in which the 
cytoplasm is in a great measure invaded by granules of yellow pigment; g and h are nerve- 
cells belonging to the same convolution, the cytoplasm has almost completely disappeared ; 
c and d, pyramidal nerve-cells from the cortex of the pars opercularis of the left F*; in e, the 
cytoplasm is slightly coloured ; in d, the yellow pigment occupies a great part of the latter ; 
€ and f, nerve-cells belonging to the cortex of the left T'; in e the cytoplasm has in part 
disappeared, and the prolongations appear as if truncated; in f the cytoplasm is, to a large 
degree, invaded by the yellow pigment. 


correspondence between the changes in the nerve-cells, and those which have 
taken place in the medullary fibres, and in fact, while in the pars opercularis 
of the left F°, the changes in the fibres are very great, those in the nerve-cells 
are relatively little noticeable. On the other hand, in the passage zone between - 
the left F* and the gyrus precentralis, the nerve-cells present extremely notice- 
able alterations, while the medullary nerve-fibres, though certainly changed, are 
altered to a much slighter extent. 
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In the right T' there is no appreciable reduction of the nerve-fibres of the 
medullary axis, nor in those of the supra- and infraradial plexuses ; the tangen- 
tial fibres are also but little reduced, although fairly numerous varicose dilatations 
of the latter occur occasionally. 

In sections at the level of the passage zone of the pars opercularis of the 
right F? to the adjacent part of the gyrus precentralis, the medullary nerve- 
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Fie. 10.—Section of the cortex of the left T' (stained with hmmatoxylin-eosin, enlargement 
objective 4, ocular 2, Leitz), Note the disappearance of many nerve-cells of the different 
strata of the cortex; the nerve-cells, especially the pyramidal ones, have to some extent 
lost their characteristic shape, owing to the loss of a considerable portion of the cytoplasm. 


fibres appear to be well preserved, only some rare varicose swellings are seen 
in the tangential fibres, and in some of the vertical fibres of the infra- and 
supraradial plexuses. 

In the pars opercularis of the right F’ (fig. 13), the changes are greater 
than in the other two zones, many of the tangential fibres have disappeared, 
while in these, and also in the transverse fibres, numerous varicose swellings 
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occur. In the! fibres of the medullary axis the disappearance of some fibres 
is noticeable. B | 

In the nerve-cells of the right T' most of the cytoplasm has disappeared, 
and a few only of the cells are missing, although a larger number have dis- 
appeared in the sections of the passage zone from the right F’ to the gyrus 
precentralis, and still more in the pars opercularis of the right F’. 
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Fie. 11.— Section of the cortex at the point of origin of the left F° from the lower extremity 
of gyrus precentralis (stained with Pal's hematoxylin). The tangentialfibres, and those 
forming the infra- and supraradial plexus, are much rarefied; the same is seen in the 
medullary axis, and especially in the basal portion of the latter. 


SUMMARY. 


In the period between 1907 and 1909, the patient showed disturb- 
ances in his speech, which gradually increased, and consisted in the use 
of unusual words in ordinary conversation (paraphasia and echolalia), ' 
He also experienced difficulty in understanding many questions. After 
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Tu Fis. 12, — Section of cortex at the point of the passage from the pars opercularis of the 
| Metta to the adjacent portion of the gyrus precentralis. (Enlargement and staining the * 
d same as in figs. 7 and 10). The disappearance of the nerve-cells is much more noticeable Es 
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à 


than in the two sections 7 and 10, the pyramidal ı nerve-cells preserved being very few. iy 

d Jh « 

ES February, 1910, the sensory aphasia had; become almost complete — E 

S und some dysarthria was noticed in his repetition of words. The — 2 
T M nderstanding of words was extremely limited; further, a condition of E i 
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.. advanced dementia showed itself, accompanied by symptoms of agnosis,. 
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In October, 1910, the speech disturbances had become still more 
serious; the word deafness, the alexia and the agraphia were complete, 
while voluntary speech was almost entirely absent. Parallel with these 





Fre. 13.— Section of the cortex of the pars opercularis of the right F” (stained with Pal's 
hematoxylin). The medullary fibres are well preserved, except for a slight rarefaction’ of 
the fibres of the supra- and infraradial plexus, and on one side only of the section. 


progressive disturbances of speech a condition of mental weakness 
gradually developed, which at last became a true dementia and was 
attended with symptoms of agnostic apraxia, and psychical blindness. 
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Two months later (four years after the beginning of the disease) the 
patient died. 

Ihe post-mortem revealed severe atrophy of the prefrontal and 
temporal convolutions, the left side being the most affected, while the 
histological examination showed severe alterations in the nerve-cells and 
medullary fibres of the convolutions belonging to the Broca region 
(in sensu lato) and to T?, these changes being greatest on the left side. 


CRITICAL CONSIDERATIONS. 


Having thus described this new case, it will be well to compare its 
clinical and anatomical features with the results obtained by other 
writers. The complex of symptoms is almost uniform, and consists of 
a double set of phenomena, of which one belongs to speech and the 
other to the mental processes. 

In the case described by Bischoff, the power of understanding words 
was extraordinarily impaired, but that of the repetition of words was 
quite intact. At the autopsy, atrophy of both the temporal lobes was 
: revealed, the left one being the most affected. 

Liepmann’s patient was able to speak spontaneously, though inter- . 
calating clear signs of paraphasia. He understood questions, but he 
first repeated them in an interrogatory form, and then replied. As the 
disease progressed, the patient no longer understood the sense of the 
words, which he still repeated, though without giving any reply 
(automatic echolalia) and his command of spontaneous words became 
much reduced. Macroscopic investigation revealed atrophy of the 
frontal and temporal convolutions, and especially of the apex of the 
left temporal lobe; the smallest of all were the left T! and T”. Upon 
the pia were vesicles containing a clear liquid. 

In their first case of aphasia, P. Marie and Léri did not record any 
appreciable alterations in the horizontal sections of the right hemi- 
sphere, the lateral ventricle was found to be dilated, and especially the 
upper portion of the occipital pole. In the subependymal region it 
seemed to be surrounded by a sclerotic zone, and the white matter of 
the hemisphere appeared much atrophied. In the cortex of the brain 
there were no lesions whatever. 

In the second case of the same writers, where the patient was 
affected with typical sensory aphasia, abnormal dilatation of the left 
occipital cornu was also found. 

In a case of Ascher’s, which was not typical, inasmuch as motor 
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aphasia, first temporary and afterwards permanent, was associated with 
paralytic dementia, there were found the usual lesions of this psychosis, 
further in the left T’, the degeneration of the nerve-cells and of the 
white matter had reached a more advanced stage than in the rest of 
the brain. 

In Shaw’s case, the aphasic symptoms, consisting of word-blindness 
and word-deafness, suddenly manifested themselves; the patient was 
suddenly seized with paralysis of the right arm. The affection after- 
wards disappeared, but thenceforward the patient was afflicted with 
a slight incoherence of speech, and in addition showed signs of word- 
blindness and word-deafness. At the autopsy, atrophy was revealed of 
both the gyri angulares and of both the T! and T7. This case is, how- 
ever, exceptional, and it is very doubtful whether these disturbances of 
the speech were present before the occurrence of the stroke. 

In Mills’s case, where we have to do with a man who had suffered 
from complete word-deafness for thirty years, without any improvement 
in his condition, it was found at the post-mortem that there was pon- 
siderable atrophy of T' and T* an both sides, but chiefly om the left. 

In Edlich's patient, & change was first noticed in her character and 
manners, together with a reduction in her command of words; after- 
wards real motor aphasia gradually developed, associated with sensory 
aphasia, which was incomplete at first, but afterwards became complete, 
and was accompanied by agraphia and total alexia. The patient only 
showed signs of sensory apraxia. In the last stage of the disease, the 
patient’s conduct was increasingly insane; she no longer recognized 
persons and rooms, wandered about aimlessly, rose at night, and dis- 
played & marked tendency to laughter and tears. At the autopsy, the 
weight of the brain was found to be reduced to 893 grm. This decrease 
in weight was due to advanced atrophy of both the frontal lobes, while 
in the corresponding sulci the pia formed cysts as large as a hazel-nut. 
The parts most atrophied were the posterior portion of F* and the left 
insula. 

In my case, No. 1 (published in 1902), which was that of a woman 
(illiterate), aged 67, the first symptoms appeared after a slight stroke; 
they consisted in in slight dyserthric troubles (the patient pronounced 
words badly and scanned them), ın a reduction in her command of 
words, and in a slowly progressive incapacity for, understanding the 
meaning of words. These symptoms continued to increase slowly ; thus, 
a few months before her death, the patient did not understand a single 
word, and could only pronounce certain syllables (be, be, po, po, pa). 
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During this period, she performed foolish acts due probably to agnostic 
apraxia. She put her dress over her jacket, exchanged her spoon for her 
fork or knife, burst into laughter or tears without any reason. Examina- 
tion revealed increased resistance in the limbs to passive movements. 
Reflex iridoparesis to the light, mostly on the left. Macroscopic and 
microscopic examination showed that the convolutions were reduced 
in, volume, and that their external surfaces were shrivelled and dark 
in colour, especially on the left. The cerebral hemispheres were full 
of liquid. The grey matter of the cerebral cortex and of the cerebral 
ganglia were of a darker colour than usual. The weight of the 
encephalon was 1,000 grm. Histological examination (Nissl’s technique 
and method) revealed & considerable amount of alteration in the nerve- 
cells of all the strata of the cortex, and especially in those of pyramidal 
shape. In the pars opercularis of the left F*, a fair number of the 
nerve-cells were affected by a diffusion of pigment; in many, a good 
deal of the cytoplasm had disappeared, while some cells showed the 
chasacteristics of chronic alteration. In the lip of the calcarine sulcus 
and in the left T! alterations in the nerve-cells were relatively rare. 

In the patient studied by Alzheimer there gradually developed, first 
motor aphasia, then partial sensory aphasia and lastly word-deafness. 
At the post-mortem, T' and the lobulus parietalis inferior were found 
to be darker than is normally the case. Microscopic examination 
revealed in these, degenerated convolutions, sclerosis and calcification 
of the nerve-cells, containing both large and: small nuclei poor in 
chromatin. The medullary fibres of the corresponding cortex had 
disappeared. At the same time, in some of the brown spots of the 
above-mentioned convolutions, a large number of enormous pyramidal 
cells had made their appearance. 

Veraguth’s patient manifested, for a short time, symptoms referable 
to the subcortical form of sensory aphasia. Words sounded to him 
like a murmur, while his spontaneous speech was fluent and free from 
mistakes. At the post-mortem, there was discovered to be a considerable 
degree of atrophy of the posterior portion of the pars opercularis of the 
left F°, and also of the median portion of the left T’; these zones were 
reabsorbed and their places taken by a serous liquid. No microscopic 
alterations were met with in the injured part. 

In Franceschi’s patient a relatively short period of depression was 
succeeded by sufficiently clear symptoms of sensory aphasia, together 
with signs of extreme dementia. The latter revealed itself both in 


serious lapses in behaviour, and in the fact that the woman was unable 
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to answer questions coherently. ^ Neurological investigation disclosed 
cutaneous hyperalgia, loss of the plantar reflexes and exaggeration of 
the patellar and Achillis reflexes (without clonus). There was notice- 
able atrophy of the three left temporal convolutions. In the cerebral 
cortex corresponding, many nerve-cells had either disappeared, or 
undergone alteration, this being especially the case with the pyramidal 
cells. In the zones whence the nerve-cells had disappeared, there weye 
many glia elements, both in the grey and the white matter. A slight 
rarefaction of the radial and of the transverse nerve-fibres was also 
recorded, together with an absence of the tangential fibres. These 
alterations were much less evident in the right temporal convolutions. 

Pick studied three cases of the kind. The first was a woman, 
aged 58. The disease had begun two or three years before with 
symptoms of dementia in the form of loss of memory and serious loss 
of the power of identification; she believed that her son was one of her 
nephews, that the house she inhabited was her own property, &c. 
Upon this, followed an actual loss of all capacity of orientation ;*the 
patient no longer knew the time, and could not find her way to church. 
An examination, made at this time, revealed difficulty in finding words. 
and in understanding their meaning. Thus, the patient was incapable 
of understanding the sense of words, but she repeated them correctly 
and in the form of a question. Two years later, the dementia had made 
' rapid progress, and the patient no longer comprehended any questions, 
while her command of words was reduced to the use of a few stereotyped 
phrases. 

Pick’s second case was that of a woman, aged 75, who had 
already been ill for three years when she came under his observation. 
She began to show signs of want of power of orientation, pulled up the 
vegetables in the garden and went out of her house for no purpose. 
Her comprehension of questions was most limited, so that she gave one 
the impression that she had'become almost deaf. She could write well 
if she copied (servile writing). Some months later, the disturbance of 
her speech became more serious; a jargon-aphasia prevailed, both in her 
spontaneous speech and when she named objects. Her command of 
words had continued to become more limited, with a tendency to the 
repetition of the same phrases. 

The third case was that of a woman aged 38, suffering from progres- 
sive paralysis, in which numerous oculo-motor disturbances were accom- 
panied by hypokinesis of the lower branch of the seventh right nerve 
and noticeable dysarthria and exaggeration in the patellar reflexes. 
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The investigation of her speech revealed the presence of paraphasia 
(of the verbal and syllabic type), less evident during emotion. But 
the dominant symptom was amnesia verborum; the patient when 
asked to name an object always replied “I do not know what it is." 

At the post-mortem of the first case was found a considerable 
atrophy of the convolutions, and especially of the left frontal and 
temporal gyri. In the second case, the atrophy of the encephalon was 
so great that its weight was reduced to 967 grm. The affection 
extended to all the convolutions, but was most marked in the left 
temporal lobe. The condition of the third case was almost identical. 

In my present case (No. 2), the patient began first to show signs 
of partial word-deafness, which were very soon followed by symptoms 
of agnostic apraxia, amnesia verborum, paralexis troubles, and almost 
complete agraphia. Later, the sensory aphasia became complete, and 
was associated with dysarthria in repetition; while the patient’s 
command of words became increasingly limited, and the dementia 
increased. At last, the agnostic disturbances became extreme, the pre- 
existing symptoms of aphasia became aggravated and more evident, 
while the patient’s spontaneous speech became reduced to the repeti- 
tion of the stereotyped words “Don Antonio,’ and complete loss of 
. comprehension of words and total agraphia followed. 

The post-mortem revealed a considerable amount of atrophy of the 
prefrontal lobes, especially of the pars opercularis of the F?, and of the 
upper temporal convolutions, the left being more markedly affected than 
the right, and particularly in the middle portion. Microscopic examina- 
tion of the cortex of the more affected convolutions showed the presence 
of a true process of degeneration affecting the nerve-fibres of the 
medullary axes, the superior and inferior plexuses and the tangential 
fibres; the nerve-cells of the cell strata of the cortex were severely 
altered; the nerve-cells of the motor word area had suffered more than 
those of the auditory word area; and those on the left side were more 
affected than those on the right. 

The symptoms of the Dejerine and Sérieux case coincided (Liep- 
mann) with the complex of transcortical sensory aphasia, all the more 
since difficulty in reading and writing were uncommon. The Dejerine- 
Sérieux patient, in fact, was affected by a slighter degree of echolalia, 
namely, in the form of asking questions, and did not get as far as 
subcortical sensory aphasia (Pick). Further, the essential feature of 
this last type of aphasia is that speech is not apprehended as such, and 
therefore is neither understood nor repeated, while the other speech 
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functions are intact. In Dejerine' 8 cage, on the other hand, the patient 
repeated the questions, although, as a rule, he did not understand the 
sense. In writing from dictation, he was faithful to the sounds of the 
words, and the chief mistakes were those which anyone (writing) would 
make, through failing to understand the sense of what was dictated. 

At the post-mortem was found symmetrical atrophy of the temporal lobes, 
which above and before were reduced to half their normal volume, : 
80 that the insula was exposed. Their cortex had more. consistency 
than that of the rest of the hemispheres ; the pia was adherent, micro- 
scopic examination revealed the/\disappearance of the tangential fibres 
of the nerve-cells of the molecular strata, of the fibres of the radii and 
the short association fibres, as well as & decrease in the number of the 
pyramidal cells, especially in that of the small ones. 

Rosenfeld’s first patient (a man, aged 62) was sufficiently dedi in 
behaviour during the early stage of the disease, but he was less active 
and played chess all day. His powers of reading, writing spontaneously, 
of copying, and of understanding and speaking spontaneously were 
perfect. With the passage `of time (eight years) his power of criticism 
weakened, as did also his capacity’ for association of ideas. The 
neurological examination carried out one year before his death (i.e. 5 
when he was received into the hospital) showed that the motion 
and reflexes, &c., were normal; verbal amnesia was very noticeable ; ' 
he was able to read and to write from dictation. On the occasion of a 
second examination it was observed that the conditions of speech were 
unchanged, though he uttered iow words spontaneously. The speech 
disturbances remained the same until tKe patient's death, which: took 
place one year later. At the ‘post-mortem the left temporal lobe was 
found to be much reduced, the atrophy having chiefly affected T? and 
T°. T: was relatively larger than either of the latter. The convolu- 
‚tions (including the apex) of the right temporal lobe were smaller than 
normal, -Microscopic investigation showed that in the medullary ZONES, 
which were much reduced, the perivascular lymphatic spaces were 
notably dilated, and that an enormous number of nerve-fibres had dis- 
appeared from the cerebral cortex. The number of the ganglion cells 
were greatly diminished, but they had mostly preserved their fibrillary 
structure; the nucleus was, in general, well preserved ; it was sur- 
" rounded by a granular substance. | 

In Stransky’s case if was ‘noted that the patient could not under- 
stand the sense of many words, and showed a tendency to reply, 
repeating first the question addressed to him (not automatic echolalia), 
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but evinced little inclination to speak spontaneously. He could repeat 
‘correctly what he heard, and also some songs, but nothing else at will ; 
he also showed, in general, a tendency to word-perseveration. He used 
to read aloud, but with evident paralexia, and he did not clearly under- 
stand what he read. He was incapable of writing, and even of copying. 


. Flexibilitas cerea was evident. The patient was unable to recognize 


the use and significance of the commonest objects. He manifested a 
tendency to echopraxia, servile imitation of what he saw others doing. 


- At the post-mortem atrophy was found to be present, especially on the 


left side, some special parts of the cerebral convolutions being affected, 
ie. the middle part of gyrus calloso-marginalis, the cuneus, the præ- 
cuneus, and, above all, gyrus supra-marginalis; the atrophy of the said 
zones on the right was much less noticeable. 

As a general conclusion we find that aphasic disturbances are 
‘not -always uniform. In some cases the prevalent symptom is per- 
ceptible even to lay minds, as it consists in an incapacity to comprehend 
thé meaning of words and of a considerable number of questions, and 
it manifests itself early: Gradually, the disturbance becomes more and 
more noticeable, and finally the patient becomes indifferent to all 
questions. In the development of aphasic troubles, occasionally the 
intervention of true paraphasic troubles, of the verbal and syllabic type, 
has been recorded, sometimes amounting to jargon-aphasia, or persevera- 
tion. Dysarthric disturbances are of rare occurrence (in Pick’s first 
case and in my patients No. 1 and No. 2). 

Sometimes the patients, though understanding the questions, 
repeated them before replying (simple echolalia); with the progress 
of the disease, this echolalia always assumes the automatic form, for 
the patients repeat the questions, almost as if obliged, though they 


‘do not understand their signification. With sensory aphasic disturb- 


ances are often associated, from the commencement, difficulties in 
recalling and pronouncing words. ‘Occasionally these symptoms precede 
the sensory aphasia. The first signs are an incapacity for finding 
words—amnesia verborum—which later on gives place to a progressive 


“reduction in the command of words, and also to an incapacity for 


tepeating pronounced words. This trouble always increases with time, 
so that finally every effort of the patient to speak merely results in the 
utterance of one or two words, or of some syllables (in my first case 
‘the patient said be, be, po, po, pa, pa) or at most & few stereotyped 
phrases (Pick’s cases 1 and 2, my case No. 2). In a few cases it is 
almost impossible to judge whether the progressive aphasia proceeded 
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parallel with the loss of the memory of the words, or if it was only 
consequent on an inabilty to recall the motor images of an always 
greater number of words. 

Many of the patients examined were illiterates, which accounts for 
the lack, in the greater number of cases, of notes respecting their 
capacity for reading and writing. In rare cases, thé power of reading 
and writing remained unimpaired throughout the course of the disease, 
As a rule, the patients at first understood what they read, but made 
mistakes when reading aloud (paralexia), but they always finished by 
being unable to pronounce the words they read, much less could they 
understand them (word-blindness). Sometimes the capacity for writing 
was partially retained; the patients could write to dictation and could 
copy. Sometimes difficulties in writing (servile writing) showed them- 
selves, either at the beginning or during the progress of the disease, 
and generally increased almost parallel with the development of the 
sensory aphasic troubles, so that in the end the patient was unable to - 
write at all. . 

Parallel to the aphasic disturbances, disorders of the other mental 
processes developed. At the beginning of the disease the patients 
neglected their business, became less efficient, and showed less capacity 
for work, and above all, their critical faculty became weakened. With 
the progress of time they forgot things to an enormous extent, seemed 
to have no idea of time or of place; they were unable to distinguish 
persons, and no longer recognized the faces of their friends or the aspect 
of rooms, but wandered about aimlessly, arose during the night, pulled 
up plants in the garden, and no longer knew how to dress themselves, 
sometimes putting on only one shoe or one sock. Sometimes they 
showed actual signs of dyspraxia, usually of the agnostic type, putting 
a dress over a jacket, using & spoon instead of a fork, putting socks 
over their hands, perhaps in consequence of partial psychical blindness. 
This symptom-complex is always completed by exaggerated emotion 
which culminates in spasmodic laughter or tears (Hdlich’s case) 
usually without adequate cause (my case No. 1.) 

Paralytic symptoms rarely manifested themselves during the course” 
of the disease. In my case, No. 2, there was slight facio-lingual 
brachial hypokinesis with an exaggeration of the tendon reflexes of 
both sides and sometimes with.clonus of one foot. In Shaw’s case 
partial paralysis of the right arm is recorded; this, however, afterwards 
disappeared. In Liepmann's patient there was, in addition to a slowness 
in pupillary reaction, a tremor of the hands and tongue. The patient 
walked insecurely, and with his legs far apart. 
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The age at which the disease declares itself-varies from 38 to 67; 
it attacks men and women about equally. Its course is rather slow 
and progressive, the exact date of its beginning is difficult to determine. 
_In general the disease lasts from two to eight years, with an average 

duration of four years. Mills alone states that in the case of his patient 
the malady had lasted for thirty years. 
_, As for the macroscopic and microscopic data recorded by the various 
writers in studying their cases, it can be stated that the ‘fundamental 
change consists in an atrophy of the. cerebral convolutions, and that 
the atrophy is not uniform, either as regards the different lobes 
affected or as regards the right and left halves of the brain. The 
alterations are generally more pronounced on the left side. In some 
cases there occurred a dilatation of the lateral ventricle, especially of the 
occipital cornu (Marie’s second case). Occasionally this dilatation is 
associated with atrophy of the medullary matter of the hemispheres, 
and with sclerosis of the subependymal region (first case of P. Marie 
and Lér). At other times it is a question of an atrophy of all the 
cerebral cortex (my case No. 1), but chiefly- of the left T+ (Ascher’s 
case, Pick's second case), or else the atrophy is limited to one part of the 
parietal and temporal lobes, ı.e., to the gyri angulares and to T! and T" 
(Shaw),tq both T! and T? (Mills), to the supramarginal gyrus, to the cuneus 
and to the precuneus (Stransky), to the upper and anterior portions 
of the temporal lobes (Dejerine and Sérieux), or to the three temporal 
convolutions, especially the left (Franceschi) Sometimes the atrophy 
affects the frontal convolutions as well as the temporal (my case 
No. 2 and Pick’s cases 1 and 8), or the frontal convolutions of both 
sides, and the left insula (Edlich). 
. The histological examination of the cortex of the atrophied con- 
volutions, which has hitherto’ seldom been made, reveals varicose 
swellings of the fibres and almost always the disappearance of many 
of the transverse fibres of the infra- and supraradial plexuses. Almost 
without exception a greater or lesser number of the nerve-cells have 
disappeared in an almost regular manner from all the strata. Nearly all 
‘the nerve-cells which have been preserved show signs of pronounced 
modification, which consists in the pigmentation and reabsorption of 
the cytoplasm. Occasionally an increase was observed in the cells of 
the glia of part of the atrophied convolutions. A parallelism does not 
always exist between the alterations of the medullary fibres and those 
occurring in the nerve-cells (my case No. 2). 
In Alzheimer’s case the nerve-cells had undergone degeneration 
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and were sclerotic and calcified; the nuclei were poor in chromatin 
and there were giant pyramidal cells at the ‚same level in some of 
the convolutions, which were of a darker colour than normal. It may 
be said, briefly, that the lesion causing the aphasic symptoms consisted | 
of an atrophy, which rarely extended to the whole cerebral cortex, but 
was limited, although not exclusively, to the temporal convolution, or 
else to the frontal lobes, usually the left one. The corresponding histe- 
logical alteration resolves itself principally into & primitive degeneration 
of the nerve-cells and medullated fibres of the grey matter of the cortex, 
and of the axis of the convolutions. 

T'he reasons that atrophy at one time attacks all the cerebral cortex, 
and at another only affects certam parts, are at present quite unknown 
to us. It is impossible to conceive that this difference of behaviour can 
depend upon the method of the distribution of the arteries, for this 
hypothesis would not explain why the disease sometimes spares the 
gyrus preecentralis, or why the middle of the gyrus temporalis süpremus 
is much more frequently attacked than the extremity. Sometimes an 
evident parallelism can be observed between some of the aphasic distur- 
bances and the seat of the macroscopic cortical changes. In those cases 
where the sensory-aphasic symptoms are dominant (Mills, Bischoff, 
Dejerine, Liepmann, Franceschi, Pick's case No. 2), the only,atrophied 
convolutions were exclusively, or generally, the gyri temporales 1 and 2. 
On the other hand, motor-aphasic symptoms were associated with sensory- 
aphasic disturbances (my cases 1 and 2, Pick’s case 1, Edlıch), atrophy 
also attacked the pars opercularis of EF. together with the other con- 
volutions of the prefrontal lobe. Nor should it be forgotten that in 
Shaw's case, and in my case 2, in which symptoms of word-blindness 
were also recorded, the left gyrus angularis was noticeably more 
atrophied than the other convolutions. 

The relation between the cortical zone, which is the seat of the 
atrophy, and certain special aphasic symptoms ought, however, to be 
further investigated. It may here be called to mind that, according 
to some investigators, the fact that amnesic aphasia gradually produces 
loss of command of words is due to the ever-increasing affection of the 
temporal convolutions, while others hold that under these circumstances 
the process is not limited to the temporal lobe, but extends to the other 
zones of the hemispheres. This: is the opinion of Pick; he points out 
that in the course of senile atrophy of the brain, even where the temporal 
lobes are also much atrophied, no noticeable loss in the command of 
words occurs, even if the patient no longer understands what he is 


. ON APHASIA DUE TO ATROPHY OF THE CEREBRAL CONVOLUTIONS 519 


saying. According to Pick, the decrease in the command of words is a 
sign that F° is attacked. This idea is confirmed by my case where not 
only T" was affected, but the whole of the pars opercularis of E", 

As for the word-deafness, Pick holds that, in his case, 16 was not a 
question of want of perception of words, because the atrophy had not 
begun in T”. Rosenfeld is of the same opinion, since his patient, though 
he was ill for about eleven years, never lost his power of understanding 
words (nor did his command of language decrease). Macroscopic Investi- 
gation showed that the T! was relatively little affected, and that the 
atrophy had chiefly attacked T’ and T’, together with the gyrus occipito- 
temporalis. This opinion is also confirmed by my present case, since the 
right T! and T*, especially in the median zone, were much atrophied, 
together with those on the left side, and the histological alterations of 
the corresponding cortex were considerable, particularly on the left 
side, while my patient had almost completely lost the power of under- 
standing the significance of words. This, on the other hand, tends 
further to confirm the belief of the bilateral nature of the seat of 
auditory word images. 

Opinions are at variance concerning the seat of amnesia verborum. 
Rosenfeld is inclined to think that the centre for the recollec- 
tion of names is to be found, on the left, in these three convolutions 
(T?, IT’, gyrus occipito-temporalis), because these were the most 
‘affected in his patient. Quensel, on the contrary, holds that a morbid 
process going on in the gyrus angularis and in part of the gyrus supra- 
marginalis (the so-called “via sensoriale anacentrale’’) should produce 
symptoms of amnesic aphasia. ‘This opinion is not shared by Rosen- 
feld, who could not record any considerable reduction in these cerebral 
regions of the brain of his patient. Others, in conclusion (Wolff, 
Dejerine), hold that it is impossible tolocalize amnesie aphasia, since 
it forms a part of motor aphasia, and depends upon a diffused morbid 
process affecting the cerebral cortex. Rosenfeld, however, draws 
attention to the fact that this opinion cannot be unconditionally 
accepted, for in his patient’s case there was certainly a diffused morbid 
process, but this extended chiefly to the said three convolutions (T^, T°, 
gyrus occipito-temporalis). From the data of my present case, it is 
impossible to come to a conclusion in favour of either view, for while 
itis true that the three convolutions just mentioned were atrophied, 
if only partially, nevertheless the left gyrus supramarginalis and 
angularis, as well as the convolutions of the prefrontal lobe, were also 
affected to & considerable degree. We could, therefore, only logically 
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deduce from this, that amnesia verborum is not due to s process 
diffused throughout the whole cerebral cortex. However, it would be 
illogical, since sufficient proof is lacking, to state that the rest of the 
cerebral cortex was sound, only-because the volume of all the other con- 
volutions was apparently normal. It will therefore be wise provision- 
ally to look upon the most various zones, of the cerebral hemispheres, 
at least to some extent, as the ‘anatomical ground of amnesic aphasia 
(v. Monakow and others). l 

Amongst the disphasic disturbances which sometimes occur during 
the course of aphasia due to atrophy of the convolutions, echolalia is 
mentioned. The seat of this symptom is also very far from determined. 
There are two kinds of echolalia: the one consists in the repetition, in 
the form of a question, of that which has been asked, and which has 
been understood (Pick), and the other in an automatic, forced repetition 
(echolalia automatica). Now, since the path of speech, by means of 
which the repetition is effected, is the oldest in ontogeny (as is shown 
by the development of speech in young children), it is clear why *the 
second kind of echolalia occurs in the case of senile atrophy which is ' 
confined to the left temporal lobe, only at & stage when the sense of 
words is no longer understood (Liepmann) and, in truth, if the stimula- 
tion of the sensory centre of speech no longer awakens any response 
in the other cortical regions, it finds a vent along the more ancient path 
of speech (motorial path). | 

It therefore follows that it is impossible for the complete physio- 
logical separation of the temporal lobe from the other speech zones to 
arise from the atrophy of the temporal lobe alone, and 1t 18 thus logical 
to think that other parts of the cerebral cortex are also involved, 
and, therefore, that forced automatic echolalia represents a very marked 
degree of sensory transcortical aphasia, and hence is only found in 
serious degradation of the psychic functions. Accordingly it is not to 
be wondered at if two of Pick’s'cases (Ruczica and Pal) in which auto- 
matic echolalia occurred, manifested in the highest degree general 
atrophy of the brain and of the left cerebral hemisphere in particular. 
In the case of my patient No. 2 also, where atrophy had not only ex- 
tended to the temporal lobe but also to the frontal lobe, the echolalia had 
become automatic only three years after the beginning of the illness. In 
Dejerine’s case, on the other hand, where the brain was normal, with 
the exception of the two temporal lobes, the symptom in question was 
entirely absent. The same may be said of Liepmann’s case, in which 
there was atrophy of the left temporal lobe alone. Perhaps the 
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simultaneous atrophy of the right temporal lobe may contribute to 
automatic echolalia; that hypothesis is favoured by the case of my 
patient, where the cortex of the right gyrus temporalis supremus also 
presented histological alterations. 

It is thought that the, study of cases of partial atrophy of the brain 
may open the way for the acceptance of the belief in the localization of 
psychic functions, and therefore that these cases might form the point of 
departure for a topographical psychology. Unfortunately, the problem is 
far less simple. Here, it is true, we have a limited loss of large 
nerve elements which present a functional, and perhaps an anatomical 
unity. Nevertheless, in these cases, ib is not permissible to establish 
& connexion between clinical symptoms and histological data, both 
because the intelligence of the patients who present themselves for 
examination is already so much enfeebled that it is impossible to 
investigate exactly the psychic symptoms, and because also they are 
sometimes suffering from word-deafness. Thus in the case of my 
patient ıt was impossible to undertake my researches in this direc- 
tion, and we were obliged to content ourselves with the study of his 
behaviour and conduct. 

The data reported in the preceding pages testify clearly to the im- 
portance of, the frontal lobes for eupraxia. Thus, Pick noted that one 
of his patients, who was suffering from serious atrophy of the frontal 
lobe, experienced difficulty in managing objects in common use. He, 
however, believes that this motor apraxia (in truth somewhat mixed) 
depended upon the atrophy being hmuted to the frontal lobe. In my 
cases Nos. 1 and 2, in which the atrophy of the gyri prefontales was also 
very great, the apraxic symptoms had attributes which were entirely those 
of extreme visual agnosia. At any rate ıb is not necessary to conclude 
that the aphasic and asymbolic (apraxic) manifestations are due to 
dementia, since sometimes, as in Edlıch’s case, dementia may not have 
already declared itself clearly at the period when the said symptoms 
prevailed. 

I will remind the reader -in this connexion of the phenomena of 
psychic blindness present in my case No. 2, and also in others. Psychic 
blindness and amnesic aphasia often proceed pari passu. To under- 
stand this, ıt 1s only necessary to remember that speech is a highly 
differentiated mental process, which has been acquired late 1n ontogeny, 
and is readily affected by any decrease in psychic power. This is shown 
by the difficulty in speaking experienced on waking, and when suffering 
from fatigue, or from any shock, although other functions remain intact 
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In old age, the difficulty found i recalling words is due to an incapacity 
of raising the optic stimulus to the point of producing & response in- 
parts which, in their turn, have’ ‘become difficult to excite. Therefore, 
in the greater number of cases of pure cortical blindness, we find a 
certain ‘amount of amnesic aphasia present; this shows that the 
stimuli conveyed to the visual cortex, and the revival of the conceptual 
complexes, are no longer ‘sufficiently strong, if the zone of the sensery 
aphasia begins to atrophy, and that, further, mental visual stimuli will 
not succeed in evoking them. If, then, both the spheres are affected by 
incipient atrophy, but one more’ seriously than the other, as in many of 
our cases, it is clear why, even from the beginning of the disease, 
amnesic aphasia is a _symptom often, associated with visual agnosia. 
For this reason disturbances, gimilar to those which accompany psychic 
blindness, are often found in our ‘cases. Let me remind the reader of the‘ 
difficulty in recognizing objects, n recalling immediate images and n&mes,. 
the increased slowness of identification, the feeling of disorientation, the 
want of visual attention, and hence the difficulty of comprehending the 
whole together with the parts. ‘All these troubles we find present, and © 
a little accentuated, in the begirihing of old age (Stauffenberg) ; and in 
fact to-day the pathology of the cerebral cortex has taught .us that 
cortical plaques (a cytopathological sign of senility) are to be met with 
ag much in incipient normal oldiage, as in eyes of old persons affected by 
conspicuous mental weakness (P. Constantini). 

The results of the-microscopic investigations of the circumvolutions ' 
when compared with the different clinical, pictures reported in the 
foregoing pages, confirm us still more in the belief that the’ different 
forms of aphasia dependent upon the atrophy of the gyri are specially 
due to the degeneration or the disappearance of the nerve elements lying 
in-defined cerebral regions. In: fact, the researches have taught us that 
echolalia only becomes automatic when the atrophy extends beyond the 
left temporal lobe, whereas if it, is confined to this lobe the disturbance : 
consists only of a partial sensory, ‘aphasia.’ Further, symptoms of motor 
aphasia (reaching the point of dumbness) are associated with the 
preceding troubles only when "E? and the insula participate in the 
atrophy, and finally, the wider jthe atrophy becomes diffused the ntore 
clearly do the sensory aphasic disturbances and the signs of dementia. 
manifest themselves. * This, does not testify completely in favour of the 
idea that the whole cerebral cortex contributes to the comprehension 
of the signification of heard verbal symbols (v. Monakow). Certainly, 
the more difficult it is to evoke a representative image in consequence of 
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the extension of the atrophy over the various regions of the cortex, the 
more marked will be the difficulty in recalling words, and if the 
processes of mental synthesis become difficult owing to the same 
pathological cause, the comprehension of what is read, or heard, also 
is attended with greater trouble. 

It would be very daring to deduce from such a small number of 
cages, some of which have been reported in a summary manner, criteria 
for determining during life whether a certain aphasic syndrome is due 
to progressive atrophy of the cerebral convolutions, or whether it 
depends upon a destructive focus situated in the speech region. But, in 
any case, & few considerations may be of some use in enabling us to 
proceed to a differential diagnosis. Points in favour of a cortical, or 
subcortical, focus of destruction are the sudden manifestation of the 
aphasia, or at any rate the existence of transitory prodromal symptoms 
only. On the other hand, in cases of aphasia due to atrophy of the 
convolutions, a stroke is nearly always absent, the speech troubles 
begin and increase with excessive slowness, so that it is difficult, 
even approximately, to determine the time of the appearance of the 
first symptoms. Nevertheless, sometimes, as in the case of Shaw’s 
patient and of my No. 2, the first speech troubles were recorded as 
occurring ımmediately after a species of stroke, which was followed 
by transitory paresis of the hmbs. A second criterion for differentiating 
between the various kinds of aphasia is the simultaneous presence of 
severe paralysis of the limbs, since facio-linguo-brachial monopareses 
(or monoplegias) are often associated with aphasia due to the 
destruction of the speech zone, especially in motor aphasia, or hemi- 
paresis of the right side, which is sometimes flaccid and sometimes 
spastic, according to the extension, the seat, or the date of the begin- 
ning of the lesion. Motor troubles of such severity are never observed 
in cases due to atrophy of the convolutions. However, the presence of 
slight paresis of one side is not irreconcilable with the disease in 
question; it is only sufficient to call to mind my No. 2, in which the 
muscular strength of the right side was weaker than that of the left, 
ånd in which there also was present paresis of the right half of the 
tongue. Frequently also, in aphasia following the atrophy of convolu- 
tions, the action of the tendon reflexes is on both sides; this does not 
occur in aphasia due to the focal lesions. It may, however, happen 
that the Achilles reflexes are exaggerated on one side, even to the 
point of foot clonus (my case No. 2). 

Hence, it follows that in some cases, and especially when a 
clinical history is absent, which could furnish us with precise data 
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as to the manner in which the’ aphasic troubles have developed, it will 
not be easy to give an opinion on the pathogenesis of the aphasic 
symptoms. In the present case, indeed, I succeeded in forming a 
correct judgment during life, basing my conclusions upon the fact 
that the sehsory amnesic and aphasic troubles had developed slowly, - 
that notable disturbances in the motor power, of the limbs at least, 
were wholly absent, and‘ finally, that the patellar and the superior 
tendon refiexes were equal on both sides. 

Sometimes it may be doubtful, especially where symptoms of word- 
deafness are dominant, whether the incapacity to understand the 
meaning of any question whatever is a sign of simple senile dementia. 
Nevertheless, analysis of the symptoms will always form some basis 
from which to arrive at a correct decision. Thus, for example, even in 
the most advanced stages of this psychosis, the patients always under- 
stand a certain number of questions, and do not reply like an echo, 
much less do they lose all command of language to such an extent as 
scarcely to be able to use one or two words. On the other hand, even 
in the total wreck of the intellect, such as occurs in advanced senile 
dementia, loss of the memory of graphic symbols has never been 


observed. 
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A STUDY OF THE SATELLITE CELLS IN FIFTY SELECTED 
. CASES OF MENTAL DISEASE. 


BY SAMUEL T. ORTON, M.D. 
(From the Laboratory of the Worcester State Hospital, Massachusetts.) 


In the normal cerebral cortex, both human and animal, there are 
found at the base of many of the large pyramidal cells one or two small. 
cells lying between the basal processes and, as a rule, in close association 
with the point of origin of the axis-cylinder. 

There has been some question as to whether these cells should be 
reparded as neuroglial in origin, or cells of the lymphocytic series. By 
the ordinary staining methods their morphology is very similar to that 
of the lymphocyte, except that the nucleus is often less deeply stained 
and bears a more loosely woven chromatin mesh, while some even 
appear vesicular. On the other hand it is rare, even among the 
vesicular forms, to find a nucleus which is oval, or as large as the 
ordinary gla cell. The lymphocyte is not as a rule an active phagocyte, 
while the satellite seems prone to take on neurophagocytic activity. 
In conditions associated with marked perivascular extravasation, such 
as general paralysis and chronic meningitis, the lymphocytes are closely 
packed in the perivascular spaces, but do not apparently tend to pene- 
trate the surrounding nervous tissues. Many such cases show, it is 
true, & more or less active satellitosis, but this reaction is almost without 
exception in the deeper cell lamina, while the perivascular accumula- 
tions are diffuse, or even more intense in the superficial layers. 

Cajal accepts the neuroglial origin of these cells and speaks of them 
as basal neuroglıa cells. He calls attention to the fact that they are 
in relation with that part of the cone of origin and early course of the 
neuraxon which is not covered with myelin, and suggests that they may 
serve to insulate these structures from ‘surrounding non-medullated 
fibres. In the cerebellum of the rabbit, he has described a cell which 
he classes as a displaced stellate cell of Golgi. In the cerebellum of the 
majority of animals those cells are found in the granule layer and give ° 
off non-medullated axons which arborize in the granule layer. The 
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| displaced cells in the rabbit lie j in the plexiform zone | and her &XONS 
would thus be exposed to contact with other bare fibres ‘of this layer. 
Cajal states that these cells may be recognized not only by their 
morphology but by the mass of, accompanying nuclei of the neuroglia 
type which surround the axon’ "and base of the cell, and here again 
suggests an insulating capacity for the satellite. 

In pathological conditions the satellite becomes of greater interest. | 
Especially is this true of the acute degenerative conditions which have 
been studied by Alzheimer in great detail by the aid of special staining ' 
methods. These include the toxic and infective deliriums and the experi- 
mental toxic states, as well as the severe acute manifestations of such 
diseases as katatonia, status epilepticus and the acute delirious type of 
general paralysis. In these conditions the cells at the bases of the 
pyramids are increased in number and show, with appropriate staining 
methods, a large protoplasmic body which may take on amceboid forms, 
may contain lipoid, or fuchsinophile, or other granules, and may be 
actively neurophagic. . Alzheimer’s work leaves little doubt that these 
reactive cells are of glial origin, but of a type not active in the Prose 
tion of fibres. - 

Another change in the normal relation of these cells is that of 
increase of number without the variety of alterations observable in the 
acute processes. This is‘ the condition spoken of as satellitosis, and its 
occurrence has been noted in a number of diseases. As a rule the 
increase is most noticeable in the deeper cell lamin® of the cortex, and 
it ig rather the exception to see any considerable number of them above 
the stellate layer. ) 

The fifty cases forming the basis of the present study were selected to - 
form five groups of ten each. These are: Maniacal depressive insanity, 
dementia preecox, senile dementia, general paralysis and alcoholic 
insanity. All three types are included among the dementia prscox 
cases, while the cases of the senile dementia group have been selected 
to exclude those showing gross brain disease, but not those showing 
moderate cerebral atrophy or arteriosclerosis. 

With few exceptions the counts have been made from material fixed 
in alcohol, embedded in paraffin, cut at 10 w and stained with Niss]'s 
soapy methylene blue. The exceptions are from cases in which the 
brain was fixed in toto in formalin. This material was also cut into 
sections by the paraffin method at 10 # and stained in thionin, so that the 
results should be comparable within reasonable limits of error. In all 
cases five areas from the neopallium were examined. The sites of the 
sections were as follows :— 
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Precentral or motor cortex (PCl): Block taken from about the 
mid-portion of the ascending frontal or precentral gyrus in approxi- 
mately the arm area. 

Postcentral cortex (PoCl): Block taken from the enous parietal 
or postcentral gyrus opposite the precentral block. 

Frontal cortex (F.): Block from the first frontal gyrus along the 
margin of the great longitudinal fissure about midway between the 
frontal pole and the Rolandic fissure. In some of the cases this block 
yields sections showing a stellate layer and hence belongs in the true 
frontal type of cortex (Campbell’s classification). Some showed no: 
definite stellate layer (indicated in the tables by an absence of figure in 
lamina 4) and hence probably belong in the intermediate precentral 
field. 

Temporal cortex (T.): Block from the first temporal gyrus, lateral 
surface along the lip of the fissure of Sylvius about midway between the 
line of projection of the anterior sylvian trunk and the point of division 
of the posterior or main sylvian fissure and hence representing audito- 
psychic cortex. ; | 

, Occipital cortex (Occ): This material is not constant in origin. 
-Some sections are of calcarine or visuosensory cortex and some are of 
the common occipital or visuopsychie field. The sections from the 
calcarine area may be identified in the charts by the absence of a figure 
in the lamina ganglionaris, as no attempt was made to count the satellites 
in this layer as will be explained below. 

The count has been made to include the two major points of 
interest, viz.: The number of satellites and their distribution by lamine. 
Brodmann’s division of the neopallial cortex into six layers—i.e., 
~ (1) zonalis, (2) granularis externa, (3) pyramidalis, (4) granularis interna, 
(5) ganglionaris, and (6) multiformis—has been adopted for this purpose, 
and an attempt has been made to count only cells which conform to 
the’ type of each layer. Thus in the lamina pyramidalis only large 
pyramidal cells have been counted, &c. This. leads to some difficulty 
in some cortices, such as the precentral and agranular frontal which 
are without a well-developed lamina granularis interna and in the 
calcarine where the granule layer is reduplicated and the lamina 
pyramidalis is not well supplied with characteristic cells homologous to 
those in other regions. It has seemed advisable, however, for the 
present purpose to use one classification for all cortices, and hence the 
counts are made: with the omission of a figure in lamina 4 of the pre- 
central and agranular frontal, and in lamina 5 of the calcarine, while 
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the reduplicated lamina anank interna of the visual cortex has been 
considered as one layer. No effort was made to estimate the numbers 
of neuroglia nuclei in the zonal. layer. 

‘In each lamina the count has, been made by recording the number 
of satellites found in association with 20 representative cells and 


‘record is made in increments of 10. Thus the association of 20 or 


less satellites with 20 nerve-cells has been considered negative; from 
21 to 30 satellites with 20 nerve-cells is considered as & ratio of 1'5 to 
1; 31 to 40 satellites, to 20 nerve-cells, as of 2 to 1, &c. Only those 
cells in immediate relation with a nerve-cell have been counted, and 
no cognizance is taken of the clusters of neuroglia nuclei about vessels, 
nor in spaces in the fibre layers which may have originally contained 
nerve-cells. 
l. 
REOORD OF COUNTS. 
L —Mantaoat DEPRESSIVE GROUP. 


Case 1.—Maniacal depressive insanity : maniacal form. 
eleven years’ duration.’ 


Third attack; 


Age at death, 65 years. Aue una, xv-15. 
: | 


POL. PoOl. Occ. 
UU = x = s — = 
(8) 0 0 0 0 0 
(8) 11 1—1 1—1 0 0 
ü xe 1—1 A MET 0 ra 
(6) 1851 1—1 1:5—1 1:5—1 = 
(0 16-1 L5—1 3—1 9—1 ' D6—i1 


s 2.—-Maniacal depressive insanity ; depressed form. Third attack; dura- 
tion twenty-seven years. Age at death, 68 years. Autopsy number, xvi-34. 


POL Poci. F. T. Occ, 
(1) Dar = as ee em 
(9) 0 0 0 0 0 
(8) 1—1 1—1 121 0 0 
(4j 2 ee a) si 0 0 
(5) 1-4 15—1 icf del = 
(6) 15—1 1:5—1 1:5—1 16—1 - 1-1 
+ ` 
Case 8.—Maniacal TART ' POTEM depressed form. Three years’ 
duration. Age at death, 61 years. ;, Autopsy number, nw 
POL Pol. : F. Occ. . 
(1) — = ix Eus — - — 
(2) 0 0 ie. 30 0 0 i 
(39) 1-1 i ar. os | 1—1 0 
(4) = 1—1 1-1 1—1 isi 
(8) 1-1. 15-1. 1-4 1-7 jer 
(6) l—1 2—1 | " 2—1 1 ‘51 1—1 


! In the maniacal depressive series the duration i is given as from the time of onset of the 


firat attack. 
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_ Case 4.—Maniacal depressive insanity ; circular form, Multiple attacks ; 
duration, forty-five years. Age at death, 74 years. Autopsy number, xvii-10. 


POL Pod. F T, Occ ` 
D — = = sai "A 
a) 0 . 0 ue 20 se ð e 0 
(B) 1-1 .. 0 ac (at. ¢ lei sa © 
4 — we Sl oe Fe we. 9D — wc f 
() 1-2 s EEE on Wet a. BEE x =o 
. 6) 15—1 .. — i6-1 .. bl. 1 0. I 


Case 5.—Maniacal depressive insanity ; maniacalform. First attack ; dura- ' 
tion, five and a half years. Age at death, 85 years. Autopsy number, xvii-17. 


POI. PoOL F., T. Oca. 
(ly — — — _ — 
(2) 0 0 0 0 0 
(3), 0 0 0 0 0 
"MED ve deb — ue m e 0 0 
Gy Zl. a ced. ue Geel o def 2 09s 
(0 IB. BI “et « Sel x “eet 


` Case 6.—Maniaeal depressive insanity; maniacal form. First attack ; 
duration, two months. Age at death, 41 years. Autopsy number, xvii-82. 


POL PoOL F, T. Occ 
(1) pem Met = == == 
(2) 0 0 ` 0 0 0 
(3) ° 0 0 0 0 0 
(4) — E 0 — 0 0 
(5) 1—1 1-1 "m l—1 | 0 0 
(6) ]-- 1—1 E 15—1' .-  1—1 1-1 


Case 7.—Maniacal depressive insanity; maniacal form. Sixth attack; 
duration, thirty-one years. Age at death, 66 years. Autopsy number, xvii-48. 


PCL Pog - F, T Occ, 
(D. a "T TEE: u Sa, Vus 
(2) 0 0 PEE. a D ue -0 
(3) 0 0 ue dep 2 30 2 — ux. 0 
(4 = | deb ge wel ae — 0 ato del 
Gy Sst — lc Geil Lu Se: ue Gel. d "S 
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Case 8.—Maniacal depressive insanity; depressed form. First attack; 
duration, five years. Age at death, 41 years. Autopsy number, xvii-49. : 


POL PoQi, F. T Ore, 
üy ==. — "n = - a. x 
(2) 0 0 0 0 0 
(8) - 0 0 0 0 0 
4 — jd — 0 ped 
(5) 1-1 i=l fal 1—1 1—1 
(60 — 1—1 tl 1451 ju 1:5—1 
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Case' 9.—-Maniacal depressive insanity; maniacal form. Third attack; 
duration, seventeen years. Age at death, 70 years. Autopsy number, xvii-59. 


POI. Pool F. T. Occ. 
(1) _ — —, ET — 
(2) 0 0 0 ne 0 0 
(8) 1—1 0 0 - je a 0 
(4) — 0 s — su O i 0 
(5) 1:5—1 1—1 ni I—1 in 1-1 — 
(6) 15—1 .. ic à p5—1l  .. 15—1 .. 1—1 


Case 10.— Maniacal depressive insanity ; maniacal form (some depressions). 
Eleventh attack; duration, thirty-one years. Age at death, 75 years. 
Autopsy number, xiii-19. "E 


POI. PoOL m F T Occ. 
(1) — pi — " —': er — — 
(2) 0 ei 0 as 0 | : 0 0 
(8) 1—1 ii 1—1 0 0 0 
(4) — jt 1—1 Ir — $us l—1 Sas 1—1 
(5) i—i G 1—1 er 1—1 i 1—1 i 1—1 
(6) 10—1  .. l0—1 1—1 "qy5—1 15—1 


IL—DEMENTIA PRZROOX GROUP. 


Case 1.--Hallueinatory type; slight deterioration. Duration, eight months. 
Age at death, 31 years. Autopsy number, xv-22. 


PO. PoOl. F. T. „ Occ. 
o = = = in e u 
(3 0 0 0, . 0 0 
(8) 0 0 0 . 0 0 | 
(4 = 0 = 0 0 
(5) 0 a © 0 0 0 
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Case 2.—Dementia prescox ; hebephrenic form. Duration, three years. Age 
at death, 45 years. Autopsy number, xv-58. 


POL Pol, E T: Occ. 

GQ) = = Ne "iA -— 

8) 0 0 0 .0 O°, 
8) 0. 0 0. 0 0 
4 — 0 0. 0 0 
() 0 0 0 0 - 
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‘Case 8.— Dementia precox; paranoid form. Duration, seven years. Age’ 


at death, 52 years.’ Autopsy number, xv-58. 
POI. PoC. F. 
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Case 4.—Dementia precox; paranoid form. Duration, thirty-one years. 
Age at death, 69 years. Autopsy number xv-67. 


POL 
wo = 
a, 0 
(8) 0 
(4) — 
(5) l—1 
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‘Case §.—Dementia precox; katatonic form. 
Autopsy number, xv-79. 


Age at death, 41 years. 
' PO. PoC, F. 
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Case 7.—Dementia preecox; hebephrenic form. 
Autopsy number, xvi-87. 


Age at death, 29 years. 


Case 8.—Dementia precox; paranoid form. 
Autopsy number, xvii-4. 


Ago at death, 83 years. 
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Case 6.—Dementia precox; paranoid form. 
Age at death, 43 years. Autopsy number, xv-B4. 
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Duration, thirteen years. 
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Duration, seven years. 


T Occ. 
0 ' 0 

0 0 

0 0 

0 p 
1:5—1 0 


Duration, forty-six years. 


T Oce, 
0 0 
1—1 1—1 
i—1 1—1 
1'5—1 — 
1'5—1 1:5—1 
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Case 9.—Dementia præcox; hebephrenic form. 


years. Age at death, 63 years. Autopsy number, xvii-14. 


; POI. Pol. i 
0) — — Ln 
(2) 0 0 0 

(88) 0 0 0 

(4) es ^ 0 = 
( 0 0 0 . 
(0 ^ 1—1 4 1—1 


Age at death, 60 years. Autopsy number, xvii-16. 
POI. PoOl. E. 
(1) - — I _ 
(2) 0 0 0 
(8) 0 0 0 
(4) pad 0 - 
(5) 0 zs 0 0 
(6) 0 0 1:5—1 
? - . QDI-—SENILE GROUP. 


Case 1.—-Senile dementia. 
Autopsy number, xv-17. 


Duration, six months. 


POL PoOL E. 
(1) -— bus — = 
23 0 hx 0 e 0 ES 
(3) 0 i. 80 sz 0 N 
(4) — 1-4 0 
(6) 15-1 1—1 i] 
(0 — 15—1 1-5—1 3—1 


Case 2.— Benile dementia. 
Autopsy number, xv-18. 


Duration, nine years. 


PO. PoOl. E 
(o == rem = 
(2) 0 0 0. 
(8) 1—1 0 1—1 
(4) ~ 0 1—1 - 
(5) 1-1 1—1 1:5—1 
(6) 1:5—1 1:5—1 9—1 


Case 3.—Senile dementia. Duration, nine months. 


years. Autopsy number, xv-20. 


POL Pol, F 
aq) = "EC - 
(3 0 0 0 
.(8 0 a, x Ü 
(4) | — 1—1 1—1 
(D) 1-1 3-1 1-1 
(60 1-1 1:5—1 L5—1 
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Duration, twenty-eight 


T. UCG. 
0 0 
0 0 
0 0 
0 0 
1—1 1—1 


T. Occ. 
Ex .— 
0 0 
0 0 
0 0. 
1—1 — 
15—1 1—1 


Age at death, 78 years. 


T. Occ. 
0 0 
0 1—1 
0 si 1—1i 
l—1 is^ orm 
1—1 (o lT65—1 


Age at death, 75° 


T. Oce, 
0 0 
0 0, 
1—1 0 
1—1 1-1 
l'5—1 
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Case 4.—-Senile dementia. 
Autopsy number, xv- 25. 


Duration, one month. 


POL PoOCI F 
1: = TEES d — 2mm 
(2) 0 2. Ü e 0 
(8): 1-1 1—1 13 
(4 — 1-1 ti 
(5) 15-1 1-1 1—1 
(0) 2-1 1:-5—1 2—1 


Case 5:—Senile dementia. 
Autopsy number, xv-29. 


Duration, five months. 


POL Po0l. F. 
0 = E = 
(2) 0 0 0 
(88 0 0 0 
4) — ` 0 — 
(5) 0 0 0 
(0 14 1-1 ER x 


r 


- 
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Age at death, 75 years. 


T Occ. 
0 a 0 

1—1 Ves 1—1 
1—1 1—1 
1:5—1 1:5—1 
2—1 2—1 


T. Oce, 
0 0 

0 0 
0 

1—1 0 
1—1 —1 


S : Case 6.—Benile paranoid condition. Duration, twenty-five years. Age 


at death, 83 years. Autopsy number, xv-40. 


POL PoCL F. 
u) — sr — d — 
(3) 0 = 0 e 0 
(8 © 1—1  .. 0 ay 0 
(44) — 1—1 in 0 
( 1-1 1—1 "Hed 
(0 15-1 1—1 1—1 


T. Oca. 
0 0 

0 0 

0 0 

0 0 
1—1 1—1 


Case 7.—Senile paranoid condition, with dementia. Duration, ten years. 


Age at death, 78 years. Autopsy number, xv-49. 


POI. PoOL F. 
(ij = "E = 
(3 0 = © . 0 
(8) 1-1 It LT 
(à — 1—1 1—1 
6) 1-1 1:5—1 1—1 
6) 15-1 1:5—1 1:5—1 


* Case 8.—Senile paranoid condition. 
Age at death, 67 years. Autopsy number, xv-43. 


POL PoCL. F. 
(1) — s = e = 
(2) 0 s 0 a 0 
(8) 1—1 0 0 
(4) -— 1—1 1—1 
(5) ° 1:5—1 1—1 | 
(6) 2—1 1:5—1 


T. Oco. 
0 0 

0 0 

0 1—1 
1--1 — 
1'5—1 1—1 


Duration, two years and a half. 


T; Occ. 
0 0 
0 

0 0 
1—1 — 
15—1 1—1 
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. Case 9.—-Senile dementia. Duration, one month. Age at death, 62 years. , 


rU number, xv-57. 


POL PoOL 
(1) — — 
(2) 0 0 
(8) 0 0 
(ay — 0 
6) ded — 0 
(60  1—1  .. 1—1 


Case 10.—-Benile dementia. 


Autopsy number, xvi-2. 


Duration, nine years. 


E T. Oce. 
0 0 0 
Q 0 0 
Q0 0 0 
1—1 0 0 
l—1 0 0 


Age at death, 84 years. 


POL. PoC. F. T. Oco. 
(1) = — -— — — 
(2) 0 0 0 0 0 
(8) 0 0 OF ; 0 0 
dd). = 0 0 0 0 
5) 0 0 0 0 0 
(60 1-1 1—1 0 bd 0 
IV.—GENERAL PARALYSIS GROUP. .* 
Case 1.—General paralysis; demented. One year's duration (?). Age at 
death, 37 years. Autopsy number, xv-24. 
PCL PoOl. "OK T Occ. 
i Ge X -— = ES 
(2 0 e 0 0 0 e 0 
(8) 0 MT 0 0 0 0 
(4) | — m 0 facil 0 0 
(B del ves ded 1—1 tei = 
(6) 1: u. Has 21 1:5—1 2—1 1—1 
Duis 2 duel paralysis; demented. Three years’ duration. Age at 
death, 68 years. Autopsy number, xv-31. 
PCL Pol EF. T. Occ. 
(1) pe >= x "us — 
(2) * * * * 0 
(3) n he E i 0 
(4  — = . E * He Id 
(5)  L6—1 .. * Qj uo Sid u 
(6) | 9—1  .. 3-1 Ib cp eT e de 


* Marked stratigraphic disturbance due to the lesions of general paralysis. 


Case 3-—General paralysis. 


Autopsy number, xv-33, 


PCI, Poti. 
ü) — " — 
(2) (0 "LE, 
(8) 0 " 0 
(4)  — im 1-1 
(5) | 1—  .. 1—1 


(0 — L5—1 .. — l5— 


F. T. Oec. 
0 0 0 

0 0 0 
Tani 0 0 
1—1 1—1 1—1 
1:5—1 1—1 1—1 


Four years’ duration. Age at death, 43 years. 
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-Case 4.—General paralysis. Two years’ duration. Age at death, 42 years. 
Autopsy number, xv-34. 


PCL Pod) F. T Occ. 
a) — ae = ten F "b: 
(2) Q 0 0 m 0- e 0 
(83) 1-4 . . © 0 0 
Q^, — : : Qo ^ 0 
(5)  .1—1 . De . i laj 2 
(0 16-1. 41: .. 18-1... ic ic 


^ Marked atratigraphio disturbance due to the lesions of general paralysis. 


Case 5.—General paralysis. Two years’ duration. Age at death, 54 years. 
` Autopsy number, xv-41. l 


POL PoOL - F. T. Oce 
u) — pe ee = = — 
(9) 0 e 0 e 0 0 0 
(8) | 1—4 n Def E pe 0 0 
à) — m il se 1-1 M 0 0 
(D) 25-1 .. 18-1 .-. L6—1 .. {1 M 1—1 
(6) BEE ^ uu del au 181 .. toed us | 

! $ 


* 


‘Case 6.— General paralysis. One and a half years’ duration. Age at 
death, 65 years. Autopsy number, xv-47. | 


E POI. l Pol F T. Oce. 
Q — — — — — 
(2) « 0 0 0 0 0 
(8) 1—1 0 0 0 0 
(4) — l—1 — 0 1—1 
(5) 1—1 0 1—1 i l—1 — 
(6) 1:5—1 15-1 1:5—1 l—1 1—1 


Case 7.—General paralysis. Six months’ duration (). Age at. death, 
96 years. Autopsy number, xvi-9. f : 


T Oec 
Q) — ini = = zr 
(2) 0 0 0 0 0 
(8) 0 0 0 0 0 
(4) | — tà 0 — gi 0 0 

(6) | 1—1, .. 1—1 er 1—1 " 1—1 0 

(0 15-1 .. 1—1 yis L5—1 .. 1—1 1—1 


á Case 8.—General paralysis. One year’s duration. Age at death, 60 years. 
Autopsy number, xvi-14. : 


POL Poo. F T. Occ. 
(1) = a E e = 
(2) 0 0 0 0 0 
(3) 1—i 0 0 0 0 
4 ° — 0 = 0 0 
(5) 1—1 1--1 0 0 0 
(6) 1:5—1 1—1 . 1—1 0 0 


*- 
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Case 9.—General paralysis. Seven years’ duration. Age at death, 49 years. 


Autopsy number, xvi-15. r 
POL PoOL F T, Ooc. 
(1) -— a — im — — -— 
(2) 0 > 0 P 0 0 0 
(3) je = 1o is Tar z 0. 0 j 
(4) = ai 1-31 ih le ^ 0 0. 
(5) 1—1 do 12-1 NF 15-1  .. led... 0 
(6) 1:5—1 .. 15-1 .. 15-1, 15—1 0 


t 


Case 10.—General paralysis. Two years’ duration. Age at death, 40 years. 
Autopsy number, xvi-26. 


. POI PoOL b T Occ. , 
(1) — T — en T x im TS 
(2) 0 a m 0 0 0 
(8) 1—1 TT i-1 0 0 Q 
(4) — er l—1 er 1-1 TT 0 0 
(5) LE xu 1:5—1 jus 1—1 iwi l--1' Q 
(6) 15—1 ia 1:5—1 1:5—1 l—1 0 


V.—ALCOHOLIC INSANITY GROUP. 


Case l.—Aleoholie deterioration. Duration, three years. Age at death, 
46 years. Autopsy number, xv-44. 


~ 


PO. PoOL y. T. Occ. 
(Q — — 4 -= — 
(2 0 0. f 0 0 .o 
(3) 0 0 0 0 0 
i = 0 = 0° 0 . 0 
6) 0 0 " 0 0 >= 
(0 4-1 1:51 1-4 0 0 


Case 2—Alcoholic deterioration. Duration, five years. Age at death, 
61 years. Autopsy number, xv-45. i 
. POL 


s 


PoOL F. T, Oca 

. (1) = T = -. Fi == = 
(2) 0 i 0 iss o: 0 0 
(3) 0 " 0 Gs 0 0 
(4) — s 0 er — 0 0 
() 1-1  .. 1—1 - 0 |. 0 0 
(0 | 1—1 a jel 1—1 0 0 


Case 3.—Alcoholic paranoid condition. Duration, nine years. Age at 
death, 87 years. Autopsy number, ‘xv-738. 
POI. i F. 


PoCL T Oca. 
(i = I = y es i — " 
(23) o0 0 0 0 0 
(8) ^ 1—1 0 0 0 0 
a — a 0 i 0 0 0 
6) — 1—1 c 1-1 = 1-1 $a 1 " = 
(6) 15-1... 15—1  .. 1:b—1 o 15—1 .. | 


"1 In the alcoholio group duration refers to duration of the psychosis, not the habit. 
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. Case 4.—Alcoholio deterioration. 
58 years. Autopsy number, xvi-16. 


Duration, sixteen years. Age at death, 


' . PO. Pool EF. T. Oce. 
(jy — — — — — 
.(0) 0 0 . 0 0 0 
(8 0 0 0 0 0 
"OY  - 0 0 0 0 
(5) . 0 0 0 0 „1—1 
6) 0 0 1] 0 ssl 


Case b.—Aleoholie paranoid condition. Duration, one month. Age at 
death, 61 years. Autopsy number, xvi-19. 


PCI. Pool F T. Oce. 
(1) s a SS nae EM 
(2) 0 0 0 0 0 
(8) 1-1 0 ji 0 0 
à — je sad 0 0 
"(5 16-1 isi 15—1 1-1 ti 
(00 2—1 1—1 15—1 1:5—1 1—1 


"Case 6.—Aleoholie deterioration. 


65 years. Autopsy number, xvi-32. 


POL PoQL 
Q — = 
(2). 0 0 

(8 *1—1 12 
4 — er 
() —r5—1 1:5—1 
(69 — 9—1 15—1 


Case 7.—Alcoholic deterioration. 


68 years. Autopsy number, xvii-18. 


POI. PoOL 
Q — = 
(3) 0 0 
|. (8 1-4 de 
T = ET 
(5) 1—1 1-4 
(60 165-1 L5—1 


. Case 8.—Korsakow psychosis. 
years. Autopsy number, xvii-28. 


POL PoC 
Qo 9 dun 
(2 0 0 
(8) 0 0 
(4) | — 124 
(5) | 1—1 if 

, (6 1-1 


Duration, one month. Age at death, 


F. T. Ote, 
0 0 0 
1—1 1—1 0 
— l—1 1—1 
1—1 1—1 — 
l5—1 1:5—1 1—1 


Duration, six months. Age at death, 


E. T. Oca. 
0 0 0 
l-—1 1—1 1—1 
1-1 1—1 , 1—1 
l—1 1—1 1—1 
1—1 ` 1'5—1 1:5—1 


Duration, ten years. Age at death, 57 


F. T. Ore. 
0 0 0 
0 0 0 
— 0 0 
l—1 1—1 Q 
1:5—1 l-l. 1—i 
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Case 9.—Delirium tremens. Duration, several days. Age at death, 42 
years. Autopsy number, xvu-33. ; 


POL PoOL E TA Occ. 
(1) = = == im = 
(2) 0 0 as Q 0 0 
(8) 0 0 ax 0 0 0 
4) — 1-1 ud 0 0 
(5) | 1—1 1-4 ii. se ed 0 
Oy i=l «gi — 5b x —— X8 1—1 jd .; 


Case 10.—Alcoholic deterioration. Duration, two years. Age at death, 
61 years. Autopsy number, xvii-38. 


POL PoC. FE T Oce 
d) — ico Em ER 1 o cmm es 
a) 0 e 00 ER. 0 * .. 0 
a: Jet he I 0 0 0 
4) — e 0 Me. iu w Q 0 
is tet 5% ce du Yea 6 Ial . 0 
O an. d se “ey hs — ded -— 94 
ANALYSIS AND DISCUSSION. e 


In order to enable the more ready interpretation of the foregoing 
data in analytical form it has been deemed advisable to reduce the 
tables to a figure which will indicate at once the relative geverity of 
reaction both in regard to the number of lamins involved and the grade 
of involvement in each. This figure, which for convenience will be 
called the satellite index, is made up by counting the number of layers 
involved, giving each at the same time a value equivalent to the satellite 
—nerve-cell ratio. Thus the post-central.cortex of Case I, 1, shows 
three lamin® with a count of 1 to 1 and one of 1'6 to 1, giving a satellite 
index of 4'5, while the frontal cortex of. the same case has two laming 
with 1 to 1 reaction, and one each of 1'5 to 1 and 2 to 1, giving an 
index of 5°5. In all cases where a layer is wanting, e.g., precentral 
stellate, the interpretation has been made on the basis of the layer 
immediately above. That is the occurrence of al to 1 reaction'in the 
lamina ganglionaris is taken as evidence of an extension of the process 
above the position which a stellate layer would occupy and is considered 
as though & similar reaction occurred there. "These methods of analysis 
are of course open to some question, but they will probably indicate the 
conditions within reasonable limits of error. 

The records all tend to show & marked predilection for the deeper 
cell layers. Almost without exception the numerical record shows 
slight, if any, reaction in the upper lamin®, but a marked tendency 
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to an increasing ratio as one after another of the subjacent lamins 
is reached. Not only does the reaction tend to increase as one passes 
to the deeper layers, but even within one layer there may be a notice- 
able difference at various levels. Thus the deeper portions of the 
lamina pyramidalis and the lamina multiformis contain a noticeably 
larger number of satellites in the majority of instances than the upper 
levels. (This has been taken into account in the record of findings 
as mentioned aboye.) No attempt has been made to estimate the 
number of cells of the neuroglia type in the subcortical white matter, 
but the survey has given rise to a strong impression that those cases 
showing marked satellitosis also show an increase here. i 

An analysis of the satellite indices by lamin® of the whole series 
gives the following results-:— 


Lamina Total indices (50 cases) Average index 
Granularis externa (2) 5 a 0 ds er m 0 
Pyramidalis (8) ... l n 59 u- ac xe DIB 
Granularis inferna (4) ... gs xis 88 "S ss B 1-76 

*e Ganglionaris (5) ... 5 2 171:5 7 E X 3:48 
Multiformis (6) .. ; wee 2765... TE sa 5:58 


The increase on reaching successively deeper layers is strikingly 
shown. 

There js also a fairly constant tendency toward milder involvement 
_of the occipital and temporal regions, as is shown by the following 
table :— 


Region Total indices (50 casts) Average index 
Precentral E $$ iu vis 149:5 3s ae vis 2-99 
Postcentral En viis "T P 181:5 ue sis a 2°63 
Frontal. ees cwi M s 182:0 cite ivi à 2°64 
Temporal ... is i dei T 102:b — ... 7 ar 205 

t Oceipital? . s T z AT 795°. i er 1:59 


! Eighteen of the fifty cases represent a-granular frontal or cortex of the effector type. 
? Twenty-three of the fifty cases are calcarine cortex. 


In this table it must be considered that the inclusion of ten cases 
of general paralysis in which the severest expression is usually pre- 
rolandic or involves the pre-rolandic and post-central fields might play 
some part, but a-similar analysis of the averages with the general 
paralysis series omitted has yielded about the same result. 

The analysis by groups of psychoses has been carried out in 
a slightly different manner. In order to simplify the interpretation 
the cases have been separated into five groups, viz., (1) negative, those 
with a satellite count less than the nerve-cell count in all lamina; 
(2) slight, where the satellite index was below 5; (83) moderate, with 
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a satellite index between 5'5 and 10; (4) marked between 10°5 and 
15; and (5) intense with an index above 15:5. This arrangement has 
yielded the following result :— 


Negative Shght Moderate Marked Intense 


Maniacal depressive., 0 i 0 3: 4 5 
Dementia pr®cox 4 4 2 0 1 
Senile psychoses me 0 2 1 4 8 
General paralysis 0 0 2 6 2 e 
Alcoholic psychoses .. 0 8 0 4 8 


The most striking results of this analysis are the relation of the 
maniacal depressive and dementia prsecox groups. 

The first group, that of the maniacal depressive series, shows & 
marked tendency towards high indices, with one case in the moderate 
column and all of the remainder either marked or intense, while the 
dementia prescox group, in sharp contrast, shows fairly consistent low 
indices. This condition in dementia precox stands in sharp contrast 
to the active neuroglia reaction (amoeboid neuroglia and neurophago- 
cytosis), which Alzheimer and others have shown in the active stages 
of the disease, but these changes are probably evanescent and would not 
be expected to play an important rôle in a series of cases such as the 
present, which are for the most part of long standing. Alzheimer 
emphasizes that the degree of these changes is in relation to the 
severity of the attack rather than its clinical. expression, and that 
soon after an acute catatonic “ storm,’ for instance, little of this sort 
of alteration may be demonstrable. In none of the other three groups 
were there cases of entirely negative count, but otherwise the dis- 
tribution is more general. 

In the one case of moderate reaction of the maniacal depressive 
group (Case I, 6) the patient died at the age of 41, while the patient 
with dementia precox with an intense reaction lived to be 83. To 
control the influence of age the data have been arranged in a table by 
decades with the following result :— 


Negative Shght Moderate Marked Intense 
Under 80 0 1 0 0 0 
81-40 0 1 1 5 0 ° 
41--50 8 1 1 8 1 
51— 80 1 9 1 2 i i 
61—70 0 9 2 5 6 
71— 80 0 0 1 2 5 
Over 81 0 1 0 1 1.” 


This table seems to indicate a tendency for the more intense 
reactions to occur in the latter decades, but that age is not the only 
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factor may. be seen from Case III, 10, a senile dement, aged 84, 
with a satellite index of 3, wbich places it in the slight group. 

‘ Finally, the data have been rearranged to determine any possible 
relation between the. duration of the psychosis and the degree of 
reaction. This is manifestly a difficult task as the time of onset in 
many of the included cases is difficult to determine with accuracy. 
Ip the maniacal ‘depressive group the duration has been reckoned from 
the onset of the first attack. In the alcoholics no attempt was made 
to estimate the period of the habit, but the figures are taken from 
the onset of mental symptoms sufficient to result in hospital commit- 
ment. The table follows :— 


Negatave Blight Moderate Marked Intense 
Less than 1 year  ... 0 T 2 8 8 i 4 
ltobyears ..  .. 2 m. A 1 8 .. 2 
5 to 10 years ... MT 1 s 8 0 4 rt 8 
Over 10 years ... I 2 2 8 5 


*eHere there seems to be no definite relationship. The marked and 
intense cases are distributed with relative evenness throughout the 
varying periods. The eight cases in the 1- to 5-year period in the 
marked column seems disproportionate, but this is accounted for by 
the occurrence here of six cases of general paralysis. 


CONCLUSIONS. 


The analysis of the relative numerical occurrence of satellite cells in 
ten cases, each of five psychoses, seem to warrant the conclusion that 
satellitosis cannot be considered in any sense indicative of the type of 
psychosis, although it has in this series appeared with more consistent 
intensity in the maniacal depressive cases and has been of very much 
less prominence in dementia pr&cox. 

The reaction elects the deeper cell layers both in regard to frequence 
of occurrence and degree of reaction. jx 
* The cortices of the dome, precentral, postcentral and frontal, seem 
to show the reaction with greater intensity than do the temporal and 
occipital regions. 

Age at the time of death seems to play some part in the occurrence 
of severe reactions, but cannot be considered the only factor. 

The duration of the psychosis bears no demonstrable relation to 
satellitosis. 
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PUBLICATIONS RECENTLY REOEIVED. 


[Notes on a Book under this heading do not preclude a 
subsequent review.| 
Die agrammatischen Sprachstörungen, Studien zur psychologischen 
"Grundlegung der Aphasielehre. Von Professor Dr. ARNOLD Prox. 
Theili. S. 291. Berlin: Springer, 1913. 


The genius of Hughlings-Jackson was of the sort which comes to fruition 
through the minds of others, those who have been subject to its influence 
become dissatisfied with the idols of the market-place. The author of this 
monograph, of which the first part only has so far appeared, is probably the 
profoundest living student of Hughlings-Jackson’s ideas, and his work is & plea 
for & more modern treatment of the question of Aphasia. For, although 
psychology is advancing rapidly, these disturbances of speech are still treated 
as a matter of cerebral " localization”, we hear of “ memory pictures deposited 
in cells” and similar meaningless fantasies. Interest is centred, not on the 
nature of the disturbance of speech in any particular patient, but on the 
“localization” of the cause, which is supposed to underlie its appearance. 
Consequently we know something of the gross anatomy and diagrammatic 
symptomatology of certain brain lesions, but nothing about the real nature of 
defects of speech. This book begins with a plea for clear thinking, and a clean 
slate. The doctrines of aphasia are crusted with obsolete psychology and false 
physiology. The author passes on to consider the nature of a sentence, how it 
is built up, and in how far it exhibits the “ propositioning function.” He deals 
with the means of expression in speech, the way from thought to expression, 
Wundt’s “ Gesammtvorgtellung" and the question of internal speech. This is 
one of the most stimulating books in neurology we have come across for 
a long time, and should serve to sweep away those mists which obscure 
the coming of a more modern doctrine of the higher disturbances of speech. 
We shall await the appearance of the second part with the greatest interest, 
and trust it will be furnished with a complete index. 
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` Sémiologie des Affections du Systeme Nerveux. Par J. DEJERINE, 

* Professeur de Clinique des Maladies du Système Nerveux à la 
Faculté de Médecine de Parıs. Pp. 1212, avec 560 figures et 
3 planches. Paws: Manon, 1914. 


More than ten years ago Dejerine wrote a '" Sémiologie des affections du 
système nerveux" for Bonchard’s "Traté de Pathologie générale,” and the 


present work is called a Second Edition. But, as a matter of fact, it has been 
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entirely re-written and brought up to date in a remarkable manner, we know 
of no account of the symptomatology of nervous disease which contains so 
many of the more recent additions to knowledge. The book is admirably 
arranged, clear and lucid in expositidn and filled with many new and excellent 
diagrams. The relation between the complicated anatomy of the brain-stem 
and the symptoms produced by lesions at various points between the upper end 
of the spinal cord and the optic thalamus is particularly clearly exposed. 
Even those to whom the French language is not familiar should possess this 
book for the sake of its figures alone. 


The Modern Treatment of Nervous and Mental Diseases. Edited by 
Wirum A. Warr, M.D., and Smita ELY JELLIFFE, M.D., 
2 vols. Illustrated. Pp. 867 and 816. London: Kimpton, 1913. 


The first volume of this interesting work is devoted to mental diseases and 
to the psychical aspect of affections of the nervous system. Each of the nine- . 
teen chapters has been handed over to an authority on the subject, and they 
are all eminently readable. We might, perhaps, single out the chapters on the- 
Educational Treatment of the Feeble-minded (Dr. Goddard), on Immigratich 
and the Mixture of Races (Dr. Salmon), on the Neuroses and Psychoneuroses 
(Dr. Ernest Jones), and on Maniacal Depressive Insanity (Dr. Farrar). 

The second volume is of even greater interest to the neurologist. Mr. 
Sherren deals with the treatment of injuries of the peripheral nerves; Dr. 
Jelliffe has written a concise account of headaches and of the treatment of 
syphilitic diseases of the nervous system. A chapter on Aphasia and Apraxia 
has been contributed by Dr. §. A. K. Wilson, and Dr. Gordon Holmes deals 
with the optic thalamus, mid-brain and cerebellum. Surgery of the brain and 
spinal cord is in the hands of Dr. Halstead and Dr. Vaughan. Many of the 
chapters have excellent bibliographies and there is a good index. 


Organic and Functional Nervous Diseases. By M. ALLEN STABR, 
M.D., &c. Fourth edition, thoroughly revised. Pp. 970, illustrated 
with 328 engravings in the text and 30 plates in colours and 
monochrome. New York and Philadelphia: Lea and Febiger, 
1913. 


This well-known text-book of nervous diseases has been revised and a good 
deal of new matter has been added, especially in those parts which deal with’ 
the psychoneuroses. But knowledge has advanced so rapidly in the last ten 
years that no simple revision can be adequate, however excellent a text-book 
may have been when first published. The effects produced by lesions of the 
cerebellum, brain-stem, optic thalamus and basal nuclei are given in a some- 
what cursory manner. The description of aphasia and sllied conditions and 
of syphilis of the nervous system and its relation to the Wassermann test 
will require further revision in the next edition. 
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Lehrbuch der Nervenkrankheiten. Von Professor Dr. H. OPPENHEIM. 
Sechste, wesentlich vermehrte und verbesserte Auflage. S. 1926, 
mit 523 Abbildungen im Text und auf 4 Tafeln. Berlin: Karger, 
1918. 


In essential features the present edition ıs unaltered. New references 
have been added and most chapters show additions, especially in the para- 
„graphs in small print dealing with the work of some one observer. The 
literature has been brought up to date and the number of references to recent 
papers i8 remarkable. 


The Psychoneuroses and thew Treatment by Psychotherapy. By Pro- 

~ fessor DEJERINE and Dr. E. GavoknER. Authorized translation 
by Smita Ery JELLIFFE, M.D. Pp. 395. Philadelphia and 
London: Lippincott, 1918. 


This is a translation of the well-known work of Professor Dejerine and 
his assistant, Dr. Gauckler, which was noticed in BRAIN, vol. xxxiv, p. 536. 
„Ihe book is of such importance to all who have to deal with the psycho- 
neuroses that we welcome an English translation for those who cannot read 
it in the original French. Such readers will have to be content with an 
adequate rendering of its contents, but will miss the enjoyment of the charming 
style of the original. 

Modern Problems wm Psychiatry. By Ernesto Luearo. Translated 
by Davip ORR, M.D., and R. G. Rows, M.D., with a foreword 
by Sir T. S. CrousroN, M.D. Pp. 305. Manchester: University 
Press, 1913. 

This is an excellent translation of the Second Edition of Professor Lugaro's 
well-known book. Throughout the standpoint is that of cerebral pathology, 
and little stress is laid on the part played by psychical processes in mental 
disease , in fact, this work represents the views of the extreme physical school 
of alienists. It is well got up and extremely easy to read. 


Psychanalysis. By A. A. BRIL, M.D. Pp. 337. Philadelphia and 
London: Saunders, 1913. 

In this book the psychoneuroses are treated from the strictest Freudian 
„spect. It forms a clear statement of the views of the Vienna physician 
on obsessions, hysteria, dreams, the compulsion neuroses, the psychopathology 
of everyday life and wit, ıllustrated by many examples. 
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Writers of “Original Articles and Clinical Cases” are supplied free of charge 
with 50 copies reprinted in the form in which the paper stands in the pages of 
"Brain." If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of the writers, 
from Messrs. BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street? 
London, W. 

Members of the Neurological Section of the Royal ‘Society of Medicine can 
obtain the Index of “ Brain” for the Volumes I. to XXII. inclusive, that is, from 
its commencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
St. Martin's Street, London, W.C., at the price of 6s. 6d., post free, 

To those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. Gd. net, and the volume may be obtained 


through any bookseller. 
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